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ABSTRACT 
IAN Z. WINKELSTERN: Multi-Proxy Sclerochronological Evidence for Plio-Pleistocene 
Regional Warmth: US Mid Atlantic Coastal Plain 
(Under the direction of Donna M. Surge) 
 
 
 
Assessments of global Pliocene climate using conventional proxies indicate prevalent 
warmth at mid to high latitudes. However, it remains poorly understood how these climate 
changes were manifested on a regional basis and on annual timescales. Oxygen isotope ratios 
(δ18O) of fossil Mercenaria spp. (bivalve) shells enable reconstruction of growth temperature 
to estimate sea surface temperature (SST) at seasonal resolution, and comparing growth 
characteristics of fossil and modern populations can provide independent SST estimates. 
Fossil shells selected from the Yorktown Formation (Pliocene, early Piacenzian, ~3.3-3.0 
Ma, warm interval) and the Chowan River Formation (Pleistocene, Gelasian, 2.4-1.8 Ma, 
subsequent cooling) of the US Mid Atlantic Coastal Plain document warmth and reduced 
seasonality relative to modern. Growth analyses of fossil populations likely exclude the 
possibility of more extreme (>25°C) average annual conditions. These results support model 
results of increased meridional heat transport during the Pliocene. 
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CHAPTER 1: 
 
MULTI-PROXY SCLEROCHRONOLOGICAL EVIDENCE FOR PLIO-
PLEISTOCENE REGIONAL WARMTH: US MID ATLANTIC COASTAL PLAIN 
 
ABSTRACT 
Assessments of global Pliocene climate using conventional proxies indicate prevalent 
warmth at mid to high latitudes. However, it remains poorly understood how these climate 
changes were manifested on a regional basis and on annual timescales. Oxygen isotope ratios 
(δ18O) of fossil Mercenaria spp. (bivalve) shells enable reconstruction of growth temperature 
to estimate sea surface temperature (SST) at seasonal resolution, and comparing growth 
characteristics of fossil and modern populations potentially provide independent SST 
constraints. Fossil shells were selected from the Rushmere Member of the Yorktown 
Formation (Pliocene, early Piacenzian, ~3.3-3.0 Ma, warm interval) and the Chowan River 
Formation (Pleistocene, Gelasian, 2.4-1.8 Ma, subsequent cooling) of the US Mid Atlantic 
Coastal Plain (MACP). The coldest winter months recorded in the Yorktown shells averaged 
17±2°C and the warmest summer months averaged 25±2°C. Chowan River shells recorded 
the coldest winter months averaging 12±2°C and the warmest summer months averaging 
21±2°C. Modern winter and summer SST is 6±2°C and 24±2°C, respectively. The vast 
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majority of data do not approach temperature growth limits of Mercenaria; thus, Yorktown 
and Chowan River shells document reduced seasonality relative to modern conditions. 
Population growth analyses do not provide reasonable quantitative SST estimates. However, 
they show that fossil populations did not grow like those living in very warm environments 
today, likely excluding the possibility of more extreme (>25°C) average annual conditions. 
Isotopic results support model results of increased meridional heat transport during the 
Pliocene.  
 
INTRODUCTION 
 
The Mid Pliocene Warm Period (MPWP, ~3.3 to 3.0 Ma) is among the most critical 
geologic intervals for studying the Earth during a warm, relatively high atmospheric CO2 
state (Salzmann et al., 2011; Jansen et al., 2007). Paleoclimate data available from the United 
States Geological Survey Pliocene Research, Interpretation, and Synoptic Mapping (PRISM) 
project and a variety of independent studies enable modeling of global climatic conditions 
during the Pliocene (Dowsett et al., 2011). Lacking in these data, however, are sufficient 
high-resolution time series that can potentially provide more detailed information about 
annual temperature cyclicity (seasonality) and regional climate variability.  
Along the Mid Atlantic Coastal Plain (MACP) of eastern North America, qualitative 
and quantitative paleoclimate reconstructions suggest the prevalence of warmer conditions 
relative to today (e.g. Hazel, 1971a; Krantz, 1990; Dowsett and Poore, 1991; Ward et al., 
1991). Poore and Sloan (1996) and others have hypothesized that increased meridional heat 
transport was responsible for this mid Pliocene warming, perhaps manifested on the east 
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coast of North America as increased Gulf Stream heat flow coupled with reduced cool water 
(Labrador Current) influence. However, previously acquired data are insufficient to describe 
the effects of these changing conditions on seasonal time scales, as well as the degree to 
which regional average annual sea surface temperatures (SSTs) were elevated. 
Even less data are available on sub-500 kyr-scale climate changes during the Gelasian 
(Early Pleistocene). Globally, the stage was dominated by a cooling trend, but individual 
peaks in the benthic δ18O (oxygen isotope ratio) curve of Lisiecki and Raymo (2005) likely 
correspond to conditions comparable to or warmer than today. Previous paleoclimatic studies 
on Gelasian MACP sediments broadly suggest warmer regional conditions than modern, but 
much more data are needed to assess seasonality and the magnitude of cooling since the mid 
Pliocene (Krantz, 1990; Ward et al., 1991). The MACP is a critical region to study 
paleoclimate because of its dynamic modern positioning between subtropical (Gulf Stream) 
and cool-temperate influences and the region’s well-described and relatively complete Plio-
Pleistocene stratigraphy. The region has high inherent susceptibility to climate change given 
its low elevation and that it is intruded by many tidally influenced inshore estuaries. 
Dramatic regional sea level and faunal changes are well documented by MACP 
sedimentation during the Late Cenozoic. 
Isotope sclerochronology (growth pattern analysis) is a powerful tool for 
paleoenvironmental reconstruction, and in bivalves it has been well-established as a method 
of obtaining paleoclimate data with resolutions much higher than those obtained via other 
proxies (e.g. Schöne and Fiebig, 2009; Haveles and Ivany, 2010; Schöne and Surge, 2012). 
This study employs stable isotope sclerochronology and growth rate comparisons derived 
from bivalve increment measurements (using the von Bertalanffy growth equation) as 
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independent SST proxies. More than a century’s worth of modern growth studies along the 
east coast of North America provides a basis for establishing a correlation between SST and 
Mercenaria (Linnaeus, 1758) growth characteristics, a relationship that can subsequently be 
applied to fossil shells.  The combination of both techniques, along with comparisons with 
previous efforts, will allow for a more comprehensive, multi-proxy understanding of Plio-
Pleistocene MACP climate that provides critical information about temperature, seasonality, 
and inter-annual variability. The objectives of this study are to: (1) substantially increase the 
amount of high-resolution proxy data from the MACP during the MPWP and Early 
Pleistocene; (2) evaluate annual temperature variability during these intervals relative to 
modern conditions; and (3) use multiple sclerochronology-based proxies to better understand 
the regional effects of global climate changes. We tested the following hypotheses: (1) 
growth curve comparisons of fossil to modern  populations serve as a proxy for mean annual 
SST; (2) global Pliocene warmth is reflected in MACP temperature proxy data as reduced 
seasonality and increased mean temperatures; and (3) the subsequent global cooling trend 
results in increased seasonality and decreased regional average temperatures during the Early 
Pleistocene. 
 
GEOLOGIC CONTEXT 
 
Plio-Pleistocene stratigraphy of the MACP has been extensively studied (Ward and 
Blackwelder, 1980; Blackwelder, 1981; Krantz, 1991; Ward and Gillinsky, 1993). Within 
this interval, the Pliocene (late Zanclean and early Piacenzian) Yorktown Formation is 
overlain unconformably by the Gelasian (Early Pleistocene, formerly Late Pliocene) Chowan 
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River Formation (Krantz, 1991; Fig. 1). The Yorktown Formation is subdivided into the 
Sunken Meadow, Rushmere, Morgarts Beach, and Moore House Members. These four 
members correlate with three separate transgressive events separated by unconformities, with 
the Rushmere and Morgarts Beach Members representing a single transgression (Krantz 
1991). Both formations were deposited in offshore, fully marine conditions, as evidenced by 
molluscan and micropaleontological assemblages and pollen data (Krantz, 1990, 1991; Ward 
et al., 1991; Groot, 1991).  
Yorktown shells were collected from the Rushmere Member at Fort Boykin State 
Historic Park in southeastern Virginia within 5-10 m bluffs on the south bank of the James 
River (Fig. 1). Specimens were taken from a <1 m thick shell horizon approximately 1 m 
below the contact with the overlying Morgarts Beach Member. This collection site is 
approximately the same as that of the Chesapecten shell BB-CM of Krantz (1990).  
As described by Blackwelder (1981) and Ward et al. (1991), the Yorktown Formation 
contains a marine fauna that is consistent with warm-temperate conditions with some tropical 
species present. The age of the Yorktown Formation is not precisely constrained; however, 
on the basis of micropaleontological evidence, it was estimated to have been deposited 
between approximately 4-3 Ma (Dowsett and Wiggs, 1992). Krantz (1991) suggests that the 
deepest transgression of the Yorktown Formation, represented by the Rushmere and 
Morgarts Beach Members (30-40 m depth), corresponds to the period of greatest mid-
Pliocene warmth. Ward et al. (1991) restricted the timing of this event to 3.4-3.0 Ma based 
on molluscan assemblages (Fig. 1). U-He dating of coral restricts the age of the formation to 
4.8-2.4 Ma (Cronin et al., 1993). Sr isotope dating of two Chesapecten madisonius shells 
from the Moore House (uppermost) Member of the Yorktown Formation yield ages of 
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2.50±0.08 Ma and 2.60±0.08 Ma, indicating that the top of the formation is younger than 
estimated by biostratigraphic techniques, and that the whole unit may represent more than 
one million years of deposition (specimens CMAD-5 and CMAD-2, respectively, in 
Goewert, 2010) 
Chowan River shells were collected from ~10 m bluffs along the west bank of the 
Chowan River in northeastern North Carolina, about 1.5 km east of Colerain (Fig. 1). This 
site is approximately 1 km upstream (north) of the formation’s type section, as described by 
Blackwelder (1981). Fossils were taken from a ~1 m section approximately 0.5 m above the 
mean high tide level. 
Because of revisions to the geologic time scale by the International Committee on 
Stratigraphy, the former Late Pliocene (Gelasian stage) Chowan River Formation is now 
considered part of the Early Pleistocene (Gibbard et al., 2010). It is not as extensive as the 
Yorktown Formation, and likely represents a shallower paleodepth of approximately 15 m 
(Krantz, 1991). This difference in extent is probably climate related, as the Chowan River 
Formation was deposited during cooler global conditions relative to Yorktown mid-Pliocene 
warmth with correspondently increased ice volumes. Molluscan assemblages (Ward, 1991), 
palynological assessment (Groot, 1991), and foraminiferal assemblage analysis (Snyder, 
2001) suggest generally warm-temperate conditions, similar to that of today or slightly 
warmer. Today, the MACP (~34°N - 38°N) is at the southern limit of the cold-temperate 
zone (Briggs and Bowen, 2012). 
A single U-He date from a Chowan River Formation coral gives an age of 2.4-1.91 
Ma (Blackwelder, 1981). Krantz (1991) largely agrees with these ages, fitting the formation 
roughly between major glaciations at ~2.4 and ~1.8 Ma. Molluscan assemblage analysis of 
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Ward et al. (1991) also fits with this age range, although they give a more restricted estimate 
between 2.2 and 2.0 Ma.  
 
ECOLOGY OF MERCENARIA 
 
The genus Mercenaria has a natural modern range along the entire eastern coast of 
North America, from Canada to Florida, and along the coastline of the Gulf of Mexico 
(Ansell 1968).  Its range has also been artificially extended to the British Isles and the coast 
of the US Pacific Northwest (Ansell 1968). Two extant species exist: the northern hard clam, 
M. mercenaria, and the southern hard clam, M. campechiensis. The ranges of these species 
overlap between Florida and southern New Jersey, with M. campechiensis occupying more 
offshore environments in the northern portions of its range (Carriker, 2001). Shells of both 
species are ovoid in shape with slightly pointed posterior ends, and each valve contains three 
aragonitic layers: a predominantly prismatic outer layer, a predominantly crossed lamellar 
middle layer, and a predominantly complex crossed lamellar inner layer, the latter containing 
occasional irregular simple prismatic sublayers. Patterns of accretionary growth are readily 
visible in cross-section, and environmental conditions and ontogeny can affect shell growth 
rate and the resultant growth patterns (Henry and Cerrato, 2007). Under reflected light, dark 
growth increments (translucent under transmitted light) generally form during intervals of 
slowed growth, whereas light growth increments (opaque under transmitted light) reflect 
intervals of fast growth (Jones and Quitmyer, 1996; Henry and Cerrato, 2007). Taken 
together, couplets of dark and light increments represent one year’s growth (Jones and 
Quitmyer, 1996; Henry and Cerrato, 2007). 
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Many studies have been conducted on different growth properties of Mercenaria in a 
wide variety of environments because of its importance for commercial harvesting on the 
east coast of North America. Extant Mercenaria can tolerate marine as well as estuarine 
conditions, with growth rates slowing at salinities below 17 psu (practical salinity units) 
(Grizzle, 2001). Growth rate is also markedly reduced or nonexistent below 9°C and above 
31°C (Ansell 1968; Elliot et al., 2003). Thus, when used as a temperature proxy, Mercenaria 
shells are unlikely to preserve seasonal extremes beyond their optimal growth temperatures. 
The most rapid growth rates have been reported in temperatures between 15° and 25°C and 
salinities between 20 and 30 psu (Ansell 1968).  Nutritional content of the water column has 
a minor effect on growth rate (Arnold, 1991).  Ansell (1968) and Arnold (1991) report that 
water temperature is the most important environmental factor controlling growth rate. 
By plotting growth data from seven multi-year studies, Ansell (1968) noted a 
latitudinal gradient in the rate at which hard clam populations reach an average maximum 
size, and that this rate tended to increase with decreasing latitude (i.e., when moving south). 
He emphasized that there was considerable variability between very high and very low 
latitudes. However, a review by Grizzle et al. (2001) suggested that despite high local 
variability in growth rates, a latitudinal gradient exists. Temperature is the only 
environmental parameter that changes consistently within this latitudinal gradient. 
 
METHODS 
 
All fossils used in our analyses have been identified as Mercenaria spp., based on 
similar morphological characteristics. The fossil taxonomy of the genus may be 
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overcomplicated with at least 9 separate species defined from Atlantic coastal plain 
sediments Miocene in age or younger (Harte, 2001). For example, the species M. mercenaria 
is described in Miocene sediments, is not described from the Pliocene, and is abundant again 
in the Pleistocene and Recent. As shown by Arnold et al. (1996) and Surge et al. (2008), the 
two modern species of Mercenaria and their hybrid form have identical growth and isotopic 
characteristics. Thus; we assume that making individual species determinations is not 
required. 
Each shell was cut radially along its maximum growth axis using a Gryphon diamond 
band saw, and thick sections (~5 mm) were made using a Buehler Isomet low-speed saw. 
Thick sections were polished down to 1 µm diamond suspension grit on a Buehler MetaServ 
2000 grinder-polisher. Seventy-seven shells had preservation adequate for visual analysis. 
 
Fossil Growth Rate Analysis 
 
The first step to test whether growth curve comparisons between fossil and modern 
populations can serve as a SST proxy is to determine whether there is a relationship between 
growth and temperature. This connection has not been statistically tested in modern 
Mercenaria populations. We quantitatively evaluated this connection using the von 
Bertalanffy (1957) growth model. Jones et al. (1989) has shown that this model is statistically 
superior to other possible Mercenaria growth models (e.g., exponential), and it has been used 
in many other bivalve studies. The von Bertalanffy equation relates length at time t (Lt) to 
maximum length (Lmax) and the constant k, a one-dimensional description of the rate at which 
the organism reaches Lmax (with units: years−1): 
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Lt = Lmax (1 – e−kt)          (1) 
 
The parameter k enabled us to directly compare modern and fossil growth data despite 
differences in measurement technique.  
Modern data were compiled from 20 multi-year M. mercenaria growth studies from 
18 publications (Table 1). For 10 of the data sets, we used the statistical programming 
language R and the methods of Ogle (2011) to find the von Bertalanffy parameters that best 
fit each modern population. Reasonable Lmax, k, and t0 values were identified by visually 
matching a growth curve to the data, which were then used as starting values for a non-linear 
model.  Bootstrap methods (with 1000 samples taken for each data set) were used to establish 
95% confidence intervals for all three vital parameters. For the other data sets, k values were 
reported in the publications and were accepted as-is.  Though curve-fitting methodologies 
used to find k values differed between studies and from those used in this study, differences 
in results among methods are minor and should not affect qualitative interpretations using the 
k value trend. A k value of 0.57, derived from weight measurements (as opposed to length 
data provided by all other sources) of an offshore New Jersey population (Haskin, 1954) was 
unreasonable and thus excluded. A k value greater than 0.5 has not been reported in any other 
Mercenaria growth study. 
Because these studies generally do not provide water temperature information, to 
develop a k value-SST correlation we needed to approximate average annual SST at each 
study location. For simplicity, we used a third-order polynomial regression fit to average 
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annual SST data from the 2009 World Ocean Atlas (Locarnini et al., 2010) for the coastal 
western North Atlantic (n = 29, r2 = 0.98, p << 0.01; Fig. 2a):  
 
SST (°C) = –2.65*102 + 2.58*(latitude) – 0.731*(latitude2) + (6.46*10−3)*(latitude3) (2) 
 
The approximate latitude of each study was then found by matching provided maps or 
descriptions with Google Earth. Thus, the following linear regression equation represents the 
relationship between k value and estimated SST data from 19 sites along the east coast of 
North America (r2 = 0.64, p << 0.01; Fig. 2b): 
 
SST (°C) =  52.27(k) + 6.121         (3) 
 
A series of ANOVA tests showed with 95% confidence that 2nd- or 3rd-order polynomial 
regressions do not significantly improve upon this linear model.  
To apply Equation 2 to fossil data and estimate annual average SST, we first 
constructed growth curves for the Pliocene and Pleistocene populations using Equation 1. 
Sections of each shell were photographed and analyzed under 16x magnification using an 
Olympus SZX7 Stereomicroscope system coupled with an Olympus DP71 12.5 megapixel 
digital camera. The length of annual increments in each shell’s hinge plate was measured 
twice with Olympus D.E. Details imaging software at 0.01 mm resolution. Every annual 
couplet of light and dark increments was measured perpendicular to the maximum growth 
direction. Where large error existed between measurement sets for a given shell (i.e., greater 
than 0.4 mm cumulative measurement difference), the shell was excluded from the 
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population. The hinge plate was chosen as the measurement site to increase sample size 
(many fossil shells preserve only the hinge). In sum, 23 shells from the Rushmere Member of 
the Yorktown Formation and 34 Chowan River shells were included in the population data 
sets. Measurements were then fit to von Bertalanffy growth models (Equation 1) using 
methods described above for modern data (Ogle, 2011; Fig. 3). Ninety-five percent 
confidence bounds based on bootstrap analysis established upper and lower estimates for 
each von Bertalanffy growth parameter. 
 
Microsampling and Isotopic Analysis 
 
Shell collection sites were chosen because they are located far offshore from their 
respective concurrent paleoshorelines, reducing the likelihood of estuarine or freshwater 
runoff influencing local water isotopic ratios. Moreover, as noted above, these sediments 
have been described as representing fully marine conditions. Six shells were selected from 
each of the Yorktown and Chowan River collections based on taphonomic screening using 
further visual inspection of the hinge region under 16x magnification. Shells with borings, 
cracks, discoloration, or indistinct growth increments were excluded, and only shells that 
preserved original aragonite and microstructure were analyzed isotopically. 
The annual growth measurements (couplets of dark and light increments) were used 
to guide our microsampling strategy. Microsampling started after year one to avoid 
uncertainties in the length of the first year of life. The hinge plate was chosen as the sampling 
site primarily because it ensured direct comparability between growth measurement data and 
isotopic measurements. The small sampling area also decreased the chance of encountering 
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digenetically altered material and permitted continuous sampling of shell material through all 
4 growth years. To rule out any influence of mantle fluids on the isotopic signal preserved in 
the hinge plate (i.e., vital effects), years 2 - 5 of a single shell (CRB10) were sampled along 
the hinge plate and shell margin along the maximum growth axis. The same four years of life 
in the hinge plate were identified along the shell margin cross section based on scaled-up 
hinge growth measurements (using a ratio between shell height and hinge plate length) and 
observation of similar dark and light increments.  
Microsampling was performed on a Merchantek microsampling system fitted with a 
Buehler carbide dental scriber to a depth of approximately 0.5 mm. Each digitized drilling 
path produced approximately 50 µg of carbonate powder for isotopic analysis. Oxygen and 
carbon isotope ratios of carbonate powdered samples were measured using an automated 
carbonate preparation device (Kiel-IV) coupled to a gas-ratio mass spectrometer (Finnigan 
MAT 253) operated at the University of Michigan Stable Isotope Laboratory. Isotopic 
measurements were calibrated based on repeated measurements of NBS-19 (National Bureau 
of Standard) and NBS-18. The precision of the measurements was <0.1‰ for δ18O and 
<0.1‰ for δ13C. Results are reported in per mil units (‰) relative to the VPDB (Vienna Pee 
Dee Belemnite) standard. 
 
Temperature Calculations from Oxygen Isotope Ratios 
 
We assumed precipitation of Mercenaria aragonite is unaffected by genus- or 
species-specific effects, an assumption supported by environmental calibrations (Elliot et al., 
2003; Surge et al., 2008). Ongoing work is refining the accuracy of Mercenaria isotopic 
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proxy data under experimental laboratory conditions. We used the empirically-determined 
oxygen isotope fractionation relationship of Grossman and Ku (1986): 
 
T (°C) = 20.60 − 4.34 * (δ18Oarag− δ18Ow)       (4) 
 
for our temperature estimates, where δ18Oarag is the oxygen isotope ratio of aragonite 
(reported in VPDB) and δ18Ow is the oxygen isotope ratio of water relative to VSMOW 
(Vienna Standard Mean Ocean Water). To account for subtracting oxygen isotope ratios from 
the two different scales, 0.27‰ was subtracted from the δ18Ow value (Gonﬁantini et al., 
1995). 
Previous isotopic work on the Yorktown and Chowan River Formations have used 
slightly negative δ18Ow values (Krantz, 1990; Goewert and Surge, 2008). Model results, 
which incorporate regional precipitation, evaporation, and reduced global ice volume relative 
to today, yield positive δ18Ow values in many cases (Williams et al., 2005; Williams et al. 
2009). We assumed a δ18Ow value of +1.1‰ (VSMOW) to calculate SST from Yorktown 
shells. This value is based on model results for the western North Atlantic during the Kaena 
Subchron (3.12 to 3.05 Ma) (Williams et al. 2005). Williams et al. (2009) used this value to 
recalculate the isotopic temperature estimates of Krantz (1990) who isotopically analyzed a 
Chesapecten shell from the same locality in our study. Oxygen isotope ratios of seawater 
assumed in other studies include +0.7‰ (benthic western North Atlantic at 3.3 Ma; Dwyer 
and Chandler, 2009), +0.5‰ (latitude-based ice-free world estimate for 35°N; Zachos et al., 
1994), −0.4‰ (global seawater estimate; Buchardt and Símonarson, 2003), and −0.6‰ (the 
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minimum value used by Krantz (1990) for the Rushmere and Morgarts Beach Members) 
(summarized in Table 2). 
For the Chowan River Formation, we assumed a δ18Ow value of 0.0‰, the maximum 
value used by Krantz (1990) for the formation. Less work has been done on estimating North 
Atlantic δ18Ow during the Early Pleistocene, but it is likely that global ice volumes (and thus 
global δ18Ow) during a transgressive event at this time were similar to today (Lisiecki and 
Raymo, 2005; De Boer et al., 2010). For comparison, we calculated SST using assumed 
seawater values in other studies (Table 2): minimum Chowan River δ18Ow of −0.1‰ (Krantz, 
1990), the benthic western North Atlantic estimate of +0.2‰ for 2.9 Ma (Dwyer and 
Chandler, 2009), and +0.5‰ (Zachos et al., 1994). The effect of lowering δ18Ow (i.e., 
increasing the amount of freshwater mixing) is a decrease in estimated SST. Because the 
Yorktown and Chowan River Formations represent fully marine conditions, we assumed that 
the effect of freshwater input on δ18Ow was insignificant. 
Despite the potential error in absolute temperature estimates based on assumed δ18Ow 
values, annual temperature ranges are valid and representative of seasonality. Seasonality 
was estimated using two approaches. First, we averaged all clearly defined local maxima (20 
Chowan River, 18 Yorktown) and minima (20 Chowan River and 18 Yorktown) from each 
time series, which represent warm and cool season temperatures. Second, we averaged the 
largest amplitude in δ18Oarag values for each shell (i.e., the most extreme annual difference 
observed within each shell’s record). The first, more conservative approach should be 
regarded as a minimum seasonality estimate for each formation, with the second technique 
providing  a maximum value based on fewer data. 
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RESULTS 
 
Growth Comparison 
 
Calculated k values from the Yorktown and Chowan River populations are 0.132 and 
0.130, respectively. Using Equation 3 and the calculated k values, both populations yield 
mean annual SST of approximately 13°C. At the 95% confidence intervals, estimated 
temperature from Yorktown shells is between 11.6° and 14.2°C and that from Chowan River 
shells is between 11.6° and 14.1°C (Table 3).  
 
Isotopic Ratios of Hinge Plate and Shell Margin 
 
Traditionally, Mercenaria shells are sampled for isotopic analysis along a cross 
section that follows the maximum growth axis of the shell margin. Shell CRB10 was 
sampled isotopically along the hinge plate and the shell margin to test for any vital effect 
associated with the hinge plate. The δ18O time series from both regions followed a quasi-
sinusoidal trend and corresponded closely with nearly identical seasonal amplitudes and 
frequency (Fig. 5). After scaling distance measurements on the hinge plate up to that of the 
shell margin, both records were in phase with each other. Moreover, the location of dark and 
light increments on both δ18O time series match up well, as peaks in each profile correspond 
with dark increments, and valleys correspond to light increments. In contrast to the δ18O time 
series, δ13C values from the hinge plate and shell margin do not follow an obvious sinusoidal 
pattern and show little correspondence. 
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Isotopic Ratios of Yorktown and Chowan River Shells 
 
All shells have a temporal variation of δ18O values following a quasi-sinusoidal trend 
of three to six cycles with the exception of specimen FB29 from the Yorktown Formation 
(Fig. 4). The Chowan River time series exhibits a pattern of cuspate valleys (high δ18O 
values) and broad peaks (low δ18O values) (note the δ18O scale is inverted in Fig. 4). This 
pattern is not as prominent in the Yorktown timeseries and is especially lacking in specimen 
FB29. Dark increments in all Yorktown shells and Chowan River shells CRB19, CRB10, and 
CRB3 generally correspond to higher δ18O values. Other Chowan River timeseries exhibit 
the opposite pattern, with light increments corresponding to higher δ18O values.  
Oxygen isotope ratios from Yorktown and Chowan River shells ranged from −1.16‰ 
to 2.06‰ and −1.67‰ to 2.38‰, respectively. The δ18O timeseries from Yorktown shells 
have reduced amplitudes compared to those of the Chowan River shells. Unlike δ18O values, 
the δ13C time series from most shells do not exhibit a quasi-sinusoidal trend, with the 
exception of Yorktown specimens FB5 and FB16. The δ13C time series in both specimens 
appear out of phase with the associated oxygen isotope ratios. In all other cases, the temporal 
variability of δ13C values does not correspond to the variation in δ18O values. Carbon isotope 
ratios from Yorktown and Chowan River shells ranged from −1.37‰ to 1.91‰ and −0.89‰ 
to 2.47‰, respectively. 
Yorktown shells recorded minimum and maximum temperature between 15.7° to 
24.7° (FB25), 15.3° to 25.8° (FB16), 20.2° to 27.7° (FB5), 16.5° to 26.0° (FB1), 18.6° to 
29.2° (FB29), and 15.5° to 23.7°C (FB14). In Chowan River shells, the minimum and 
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maximum temperature ranges from 10.4° to 18.6°(CRA8),  10.1° to 21.9° (CRA2), 10.7° to 
23.3° (CRB3), 11.5° to 25.7° (CRB10), 10.4° to 21.6° (CRB7), and 9.8° to 21.0°C (CRB19). 
Averaging all local maxima and minima from each shell, the coldest winter months recorded in 
the Yorktown shells averaged 17±2°C and the warmest summer months averaged 25±2°C 
(1σ). The maximum seasonality value based on averaging each shells largest amplitude is 
~9±1°C. Average cold and warm season temperatures recorded in Chowan River shells are 
12±2°C and 21±2°C, respectively, with a maximum average amplitude of ~12±2°C.  
 
DISCUSSION 
 
Growth Curves and Sea Surface Temperature 
 
Our observations suggest that the modern latitudinal gradient in Mercenaria growth 
observed by Ansell (1968) and Grizzle et al. (2001) is largely due to temperature, based on a 
correspondence between SST and the rate at which hard clams reach maximum size. 
Equation 3 (the relationship between SST and k values) is anchored by strong correlations 
between very cold annual temperatures (<~10°C) and very low k values (<0.1) and between 
very warm temperatures (>~25°C) and very high k values (>0.3). Less extreme environments 
have greater variability in k values (Fig. 2b). This higher variability (in less extreme 
environments) conflicts with suggestions of a strong latitudinal gradient (Grizzle et al., 
2001), but agrees with the original assessment of Ansell (1968). Very high k values may be 
an effect of very warm average temperatures allowing for continuous annual growth in 
Mercenaria shells, as only in Florida populations is growth always continuous throughout the 
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year (Grizzle et al., 2001, fig. 8.17). As stated,  Mercenaria growth slows or ceases when 
temperatures are below ~9°C. In populations living in very cold environments (e.g., Canada) 
growth only occurs during summer months, greatly increasing the time it takes for each clam 
to reach maximum size (Grizzle et al., 2001).  
The variability between k values and SST in less extreme environments may be 
partially explained by other environmental conditions affecting growth, including variation in 
salinity and available nutrient supply. These parameters were not measured consistently in 
the growth studies used here and are difficult to assess. Also, the dimensions of longitude and 
time are not included, though Henry and Nixon (2008) reported that growth rates of adult 
Mercenaria in Rhode Island over the last 50 years are statistically indistinguishable.  Sample 
sizes, specimen ages, and length of observation also vary among modern studies. Perhaps 
applying the von Bertalanffy model to fossil Mercenaria is less effective because extinct 
species may have had different growth responses to environmental conditions. This seems 
unlikely because of the identical growth characteristics between the extant species, M. 
mercenaria, M. campechiensis, and their hybrid form (Arnold, 1996). The use of the one-
dimensional parameter k has enabled us to better quantify the modern relationship for the 
east coast of North America, although the considerable variability of local k values in 
moderate environments may limit the use of this relationship as a paleoenvironmental proxy. 
Calculated k values for the Yorktown and Chowan River shell populations fall within 
the variable range for modern populations living in warm- and cold-temperate conditions 
(i.e., not the warm and cold extremes of Mercenaria’s range). Our fossil population k values 
may simply indicate that average shell growth was not continuous throughout the year.  
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Therefore, conditions resembling modern coastal Florida (with average annual SST >25°C) 
likely did not persist on the MACP during the MPWP or Early Pleistocene. 
 
Comparison between Hinge Plate and Shell Margin 
 
The strong correspondence between the δ18O time series of the hinge plate and shell 
margin in specimen CRB10 supports the assumption that oxygen isotope ratios of 
Mercenaria shell carbonate are in equilibrium with seawater values in both shell regions. 
Areas where minor discrepancies exist (e.g., at ~4-5 mm and 35-43 mm on the hinge plate 
and shell margin, respectively) have little effect on paleoclimatic interpretation of the δ18O 
data. The hinge plate time series preserves a greater seasonal amplitude than the 
corresponding area on the shell margin, implying that the hinge plate is appropriate for 
estimating paleoseasonality. 
In contrast, the δ13C records of the hinge plate and shell margin show little to no 
correspondence. This observation may result from the variability in sources of metabolic 
carbon that contribute to the δ13C values of Mercenaria shells. Gillikin et al. (2007) found 
that the percent of metabolic carbon incorporated into shell values can range from 5% to 
37%. Our data show that this metabolic effect can vary across a single individual and 
provides further evidence that carbon isotopes are unsuitable for use as a high-resolution 
paleoenvironmental proxy in some bivalves.  
This variability in metabolic uptake may also explain the inconsistent appearance of 
annual δ13C cyclicity in shell profiles. Despite the variability in metabolic uptake influencing 
the carbon isotope ratio of shell carbonate, the δ13C values can provide broad environmental 
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information. All Plio-Pleistocene shells in this study have δ13C values that fall within typical 
marine values, supporting interpretations based on fossil assemblage and sedimentary data.  
 
Oxygen Isotope Ratios and Seasonal Variability 
 
Previous studies have found that isotopic proxy data from Mercenaria shells can be 
used for paleotemperature reconstruction (Elliot et al., 2003; Surge et al., 2008; Wang et al., 
2011; Wang et al., in review). Given that shell δ18O is in equilibrium with seawater values, 
isotopic oscillations record seasonal fluctuations in temperature. The general correspondence 
observed between dark increments and warmer months indicates that slow growth occurred 
during summer, typical for modern Mercenaria in the southern portions of its range (Arnold 
et al., 1998; Surge et al., 2008). The opposite pattern (dark increments forming in cool 
months) observed in half of the Chowan River shells suggest relatively cooler conditions, as 
Mercenaria in the northern portion of their geographic range grow slower during winter 
months (Fritz, 2001 and references therein; see, however, Elliot et al., 2003 and Henry and 
Cerrato, 2007). The mixed signal given by the Chowan River shells is similar to modern 
Mercenaria in the region today, which can form dark increments during summer or winter 
(Fritz, 2001). Very broadly, these findings may indicate warmer regional conditions during 
the MPWP and more moderate conditions during the Early Pleistocene, and are in agreement 
with other modern and fossil growth increment studies (Jones and Quitmyer, 1996; Fritz, 
2001). 
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Clear annual cyclicity is strong evidence that the effects of diagenesis on the data are 
minimal and that shell growth was relatively consistent. The main exception is the profile of 
FB29. Though its values are fully within the range of all other isotopic values observed 
(between 2.5‰ and −1.5‰), we assume that its isotopic record has been truncated due to 
growth irregularities. Light and dark increments do not consistently correspond to warmer or 
cooler temperatures, and it is likely that the temperature record does not approach full 
seasonal range.  These data  are unlikely to represent the entire range of seasonal 
environmental conditions during shell formation and have therefore been excluded from 
subsequent analysis. 
Yorktown and Chowan River shells have similar δ18Oarag values, but have different 
estimates of seasonal SSTs due to differences in the assumed δ18Ow for each interval (Fig. 4). 
With future reevaluation of Plio-Pleistocene δ18Ow values, the absolute estimated SST values 
may change. However, errors associated with our δ18Ow assumptions do not affect relative 
seasonal amplitudes or alter our conclusions. All estimated temperatures fall within 
environmentally reasonable ranges that also allow for Mercenaria growth. Despite a lack of 
rigorous modeling of local Early Pleistocene δ18Ow values, we are confident in our 0.0‰ 
estimate because minimum estimated temperatures correlate with the minimum growth 
temperature (~9°C) observed in modern Mercenaria. Estimated Yorktown temperatures do 
not approach either growth restriction, though the population’s k value implies that annual 
growth was not entirely continuous.. Because Chowan River shells apparently recorded the 
minimum temperature for growth, actual winter temperatures likely were lower than 9ºC 
implying that the full range of seasonality was potentially greater than estimated in our study.  
Ontogenetic dampening of seasonal amplitudes should also not have a major effect (as 
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observed by Jones and Quitmyer, 1996; Surge and Walker, 2006; and Schöne and Fiebig, 
2009) as only the earliest growth years are sampled, and we observed no obvious decrease in 
amplitude (i.e., increase in time averaging) with increasing age. 
Overall, estimated temperature profiles from Yorktown shells document greatly 
reduced seasonality and enhanced temperatures relative to modern SST. Chowan River shells 
record higher seasonal amplitude and cooler temperatures compared to Yorktown shells. 
Relative to modern SST, they reflect higher temperatures and less seasonality. Modern 
offshore SSTs range from 6±2°Cto 24±2°C, and water temperatures at 30 m depth range 
from 8±2°C to 18±3°C (2009 World Ocean Atlas site 31381; 75.5°W, 36.5°N; ~50 km SE of 
Virginia Beach, VA; ~30 km offshore; Locarnini et al., 2010). Reductions in Plio-Pleistocene 
seasonality may be partially due to effects of water depth. However, our Yorktown 
seasonality estimates are markedly reduced even when compared with modern regional data 
from 30m depth (Fig. 6). 
Differences in seasonal amplitude between Yorktown and Chowan River shells are 
not reflected in all time series (Fig. 4). Shell FB16 preserves larger seasonal amplitudes than 
other Pliocene shells, but its maximum amplitude is still less than that observed in four Early 
Pleistocene time series. Seasonality observed within shell CRA8 is markedly less than that of 
other Chowan River samples likely due to slower growth rate and, hence, increased time 
averaging. 
The potential for underestimating seasonality is partially accounted for by the use of 
two methods of estimation (Fig. 6). The primary estimate, based on averaging of all warm 
and cool season extremes observed in clear annual cycles, should be regarded as a minimum 
seasonality estimate. The secondary estimate, an average of the largest observed seasonal 
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amplitude within each shell, provides a maximum value. For MPWP shells this distinction is 
somewhat minor, with the maximum estimate ~2°C greater than the average seasonality. The 
difference is more apparent in Early Pleistocene shells, with ~4°C between estimates. All 
estimates produce reduced seasonality relative to modern SST. 
 
Multi-proxy Assessment of MACP Plio-Pleistocene Paleoclimate 
 
Quantitative SST estimates based on Equation (3) and isotopic estimates are 
contradictory with fossil population k values implying much lower paleotemperatures. 
Oxygen isotope ratios of less than −1‰ would be required to reconcile the two SST 
approximations (producing estimates below the minimum Mercenaria growth temperature), 
and thus δ18Ow errors are unlikely the cause. A more probable explanation is that our 
moderate Plio-Pleistocene k values simply indicate that, even at the height of MPWP 
warmth, regional conditions remained within the realm of warm-temperate conditions near its 
boundary with the cold-temperate zone. If more extreme conditions had persisted during the 
Pliocene (such as those of coastal Florida today with average annual SST > 25°C), expected 
fossil population k values would be >0.3. This interpretation is consistent with our isotopic 
proxy results and other published estimates. 
Our results compare favorably with other quantitative paleoclimate assessments (Fig. 
6). For the MPWP, there is good consensus that average SSTs were elevated approximately 5 
- 10°C with markedly reduced seasonality relative to modern conditions. The earliest 
estimate by Hazel (1971b) used ostracodes from the Rushmere Member (Yorktown 
Formation) to estimate a temperature range between 12.5 and 25ºC. The transfer function 
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based on regional Rushmere and Morgarts Beach ostracode assemblages employed by 
Cronin (1991) produced SST estimates between 13.0° and 22.9°C. Dowsett and Wiggs 
(1992) used analyses of foraminiferal assemblages from the Morgarts Beach Member 
(Yorktown Formation) to estimate SST between 18.7° and 25.9°C. The single annual cycle 
between 12° and 26°C (with recalculated temperatures using the Williams et al. (2009) value 
for δ18Ow) measured by Krantz (1990) from one Chesapecten  shell may be an overestimate 
of seasonality, whereas the estimate from the MART technique (mean annual range in 
temperature based on bryozoan zooid size analysis) of Knowles et al. (2009) may be a slight 
underestimate.  
Although less paleoclimate data are available from the Chowan River Formation, the 
estimate by Krantz (1990) between approximately 6° and 22°C, based on ~7 annual cycles 
from 8 shells (one shell did not preserve a full annual cycle), agrees well with the 20 
analyzed years presented here. Based on ostracode assemblage analysis, Hazel (1988) 
derived low and high SST estimates of 17.5°-20°C and 25°-27.5°C, respectively, for the 
Chowan River. Based on our study and Krantz (1990), the range of Hazel (1988) is either too 
warm or Early Pleistocene δ18Ow values have been greatly underestimated. However, all data 
agree that regional climate was warmer than today. 
Pliocene atmospheric CO2 levels were likely not sufficiently high to cause the degree 
of warming observed during the MPWP. Therefore, additional forcing mechanisms are 
required (Pagani et al., 2010). Our MPWP data support the idea that increased meridional 
heat transport is characteristic of Pliocene warmth (e.g. Poore and Sloan, 1996). Like the 
interpretations of Knowles et al. (2009) and Williams et al. (2009), our data are consistent 
with increased Gulf Stream influence in the MACP region with no influence of cold waters 
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from the Labrador Current. Differences in coastline morphology may have also played a 
minor role in the ability of the paleo-Gulf Stream to transport heat into the region. The 
combined effects of these forcing mechanisms clearly weakened over the next ~0.5 Ma. Our 
data from the Early Pleistocene describe climatic conditions warmer than today but 
significantly cooler with more annual variability than observed during the MPWP. The 
Chowan River transgression likely coincides with a final phase of more moderate regional 
conditions prior to the onset of high-amplitude glacial cyclicity. 
 
CONCLUSIONS 
 
This study represents the most detailed high-resolution assessment of Late Neogene 
MACP climate to date. Our isotopic data provide evidence for the prevalence of warmer-
than-modern conditions during the mid Pliocene and the Early Pleistocene in MACP seas. 
Regional MPWP temperatures were elevated and seasonality was decreased relative to the 
Early Pleistocene.  These very warm MPWP estimates are constrained by growth 
characteristics of the fossil populations from where they are taken, which indicate that 
average annual SSTs were likely <25°C.  
In addition to relatively high atmospheric CO2 concentrations, much of this warmth 
may have been the result of increased meridional heat transport. Coastal paleogeography may 
have also played a minor role in directing the Gulf Stream during this interval, perhaps with 
both factors allowing the Gulf Stream to exert greater influence farther north along the coast 
than it does today. Further study of the limited Pliocene deposits of northern Virginia and 
Maryland could possibly trace the extent of this warm water influx 
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FIGURE 1—Plio-Pleistocene stratigraphy and paleogeography of the Mid Atlantic Coastal 
Plain, with fossil collection locations indicated. YT = Yorktown Formation collection site: 
Rushmere Member, Fort Boykin State Historical Park, VA. CR= Chowan River Formation 
collection site: west bank of Chowan River near Colerain, NC. MPWP = Mid Pliocene Warm 
Period. Black rectangle indicates map detail location within the United States.  
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FIGURE 2—(A) Simplified sea-surface temperature (SST) – latitude relationship for the 
east coast of North America based on a third-order polynomial regression. Circles= data from 
the 2009 World Ocean Atlas (Locarnini et al., 2010). Black line= regression line. Gray lines= 
SST data standard deviation. (B) Modern k values are plotted against estimated SST for 
corresponding study location latitudes using the relationship described in part A (Equation 
2). Black data points (10) are based on von Bertalanffy growth curves fit to published data 
via methods described in the text. Error bars representing 95% confidence intervals are based 
on bootstrap analysis. The point on the far right, representing a k value >0.5 derived from 
Haskin (1954) data, is not included in the regression calculation. Gray data points (10) are 
published k values.  
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FIGURE 3—von Bertalanffy growth curves fit to fossil growth data from the Yorktown and 
Chowan River Formations. Black lines represent best-fit curves with equations listed. Dotted 
lines= range of curves within 95% confidence bounds for each equation parameter. Grey 
circles= individual hinge plate length measurements. 
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FIGURE 4—Isotopic profiles from 698 shell samples taken from 12 fossil bivalves, with 
oxygen (black line) and carbon (grey line). Shells are organized stratigraphically. The 
δ18Oarag scale is inverted. Temperature scale (at left) is identical for both formations. δ18O 
scales (at right) differ due to different assumed δ18Ow values. White and black points 
schematically represent light and dark shell increments.  
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FIGURE 5—Comparison of isotopic time series from identical growth years (~2-6) from the 
shell margin (grey line) and hinge plate (black line). The upper profiles are δ18O data and the 
lower profiles are δ13C data. Shell coloration is represented by light and dark points.   
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FIGURE 6—Visual comparison between temperature estimates of this study (black) and 
other published climate estimates. The bryozoan MART technique of Knowles et al. (2009) 
provides a seasonality estimate of ~6.5°C (with no absolute temperature estimates). This 
range has been placed at an average of all other estimates Modern data at 0 and 30 m depth is 
from 75.5°W, 36.5°N (2009 World Ocean Atlas site 31381; ~50 km SE of Virginia Beach, 
VA; ~30 km offshore; Locarnini et al., 2010). Horizontal bars within modern and our data 
indicate average temperatures, with error bars indicating one standard deviation. The more 
and less conservative seasonality estimates of this study are indicated by the large and thinner 
bars, respectively. 
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TABLE 1—Data used to quantify the latitude and temperature k value relationships. SSTs 
derived from World Ocean Atlas 2009 data (Locarnini et al., 2010) as described in the text.  
*Value was calculated from data provided in earlier study. 
 
Study °N SST (°C) k value 
Kerswill (1941) 46.6 5.9 0.02* 
Landry et al. (1993) 46.1 6.0  0.03_ 
Gustafson (1954) 43.8 7.6  0.02* 
Carmichael et al. (2004) 41.8 10.0  0.14_ 
Rice et al. (1989) 41.7 10.1  0.09_ 
Jones (1989) 41.6 10.3  0.21_ 
Henry and Nixon (2008) 41.6 10.3  0.18_ 
Henry and Nixon (2008) 41.6 10.3  0.24_ 
Rice (1989) 41.5 10.4  0.10_ 
Belding (1912) 41.3 10.7  0.14* 
Haskin (1954) 39.0 14.4  0.57* 
Loesch and Haven 
(1973) 37.2 17.5  0.20* 
Hopkins (1930) 34.7 21.6  0.25* 
Chestnut et al. (1957) 34.7 21.6  0.13* 
Peterson et al. (1984) 34.7 21.6  0.18* 
Walker and Tenore 
(1984) 32.0 25.2  0.17* 
Walker (1989) 30.9 26.3  0.35* 
Jones et al. (1990) 30.9 26.3  0.38_ 
Jones et al. (1990) 29.9 27.0  0.43_ 
Jones et al. (1990) 27.8 27.4  0.37_ 
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TABLE 2—Calculated temperatures based on isotopic data for various estimates of the 
oxygen isotope ratio of seawater (δ18Ow). Preferred values for the Yorktown and Chowan 
River Formations are 0.0‰ and 1.1‰ (VSMOW), respectively (see Methods for details). 
 
Yorktown 
Formation δ
18Oarag 
Temperature, 
δ18Ow = +1.1‰ 
Temperature, 
δ18Ow = −0.3‰ 
Temperature, 
δ18Ow = +0.5‰ 
Temperature, 
δ18Ow = −1.0‰ 
Min Temp 2.06‰ 15.3° 9.1° 12.7° 6.1° 
Max Temp −1.16‰ 29.2° 23.2° 26.6° 20.1° 
Average 0.58‰ 21.7° 15.6° 19.1° 12.6° 
 
Chowan River 
Formation δ
18Oarag 
Temperature, 
δ18Ow = 0.0‰ 
Temperature, 
δ18Ow = +0.2‰ 
Temperature, 
δ18Ow = +0.5‰ 
Temperature, 
δ18Ow = −1.0‰ 
Min Temp 2.38‰ 9.1° 9.9° 11.3° 4.7° 
Max Temp −1.67‰ 26.7° 27.5° 28.8° 22.3° 
Average 0,52‰ 17.2° 18.0° 19.3° 12.8° 
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TABLE 3—Calculated growth parameters for Von Bertalanffy curves (Lt = Lmax [1 – e-kt]) fit 
to fossil data as described in the text. YT = Rushmere member, Yorktown Formation. CR = 
Chowan River Formation. n = number. meas = measurements. LCI = Lower 95% confidence 
interval bound. UCI = Upper 95% confidence interval bound. 
 
ID n shells n meas k LCI UCI Lmax LCI UCI t0 LCI UCI 
CR 31 524 0.130 0.11 0.15 10.40 9.85 11.18 −0.59 −1.19 −0.11 
YT 23 403 0.132 0.11 0.16 9.13 8.66 9.77 −0.15 −0.70 0.25 
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APPENDIX: Oxygen and Carbon Isotope Ratios of fossil Mercenaria Shells. 
Analyzed at the University of Michigan Stable Isotope Laboratory.  CR = Chowan River, FB 
= Fort Boykin locality (Yorktown Formation), KIS = internal isotope standard, Dist = 
distance from umbo, l = light shell color, d = dark shell color, l-d = light to dark transition, d-
l = dark to light transition. 
 
SHELL ID Date δ13C ± δ18O ± δ13C δ18O MaxP  Dist Comments 
      (KIS)   (KIS)   (VPDB) (VPDB)   (µm)   
CRA2 1             2689 Power out 
CRA2 2 11/2/2011 5.82 0.01 4.72 0.02 1.97 0.02 828 2772  
CRA2 3 11/2/2011 6.02 0.01 5.68 0.04 2.17 0.99 999 2855  
CRA2 4 11/2/2011 5.56 0.01 6.45 0.01 1.72 1.76 850 2937  
CRA2 5 11/2/2011 5.49 0.03 6.53 0.07 1.64 1.84 921 3020 l-d 
CRA2 6 11/2/2011 5.53 0.01 6.86 0.05 1.68 2.16 567 3103  
CRA2 7 11/2/2011 5.03 0.02 6.80 0.01 1.19 2.11 1024 3186 dark line 
CRA2 8 11/2/2011 5.06 0.00 6.23 0.01 1.22 1.54 855 3268  
CRA2 9 11/2/2011 5.15 0.01 5.56 0.01 1.31 0.87 897 3351  
CRA2 10 11/2/2011 4.33 0.01 4.83 0.03 0.49 0.13 521 3434  
CRA2 11 11/2/2011 3.77 0.01 4.79 0.02 -0.06 0.10 816 3517 dark line 
CRA2 12 11/2/2011 4.42 0.01 5.13 0.01 0.59 0.43 875 3599  
CRA2 13 11/2/2011 4.61 0.01 4.90 0.03 0.77 0.20 682 3682  
CRA2 14 11/2/2011 4.10 0.01 4.43 0.02 0.27 -0.27 753 3765 annual, end yr 2 d-l 
CRA2 15 11/2/2011 5.04 0.00 4.79 0.02 1.20 0.09 887 3886  
CRA2 17 11/2/2011 4.79 0.01 4.92 0.02 0.95 0.22 694 4007  
CRA2 18 11/2/2011 5.03 0.03 4.44 0.06 1.18 -0.26 951 4128  
CRA2 19 11/3/2011 0.52 0.02 3.03 0.04 -3.29 -1.67 784  chunky 
CRA2 20 11/3/2011 5.42 0.05 4.50 0.08 1.57 -0.20 787 4370  
CRA2 21 11/3/2011 5.45 0.04 6.03 0.06 1.61 1.34 985 4491  
CRA2 22 11/3/2011 5.75 0.01 6.55 0.04 1.90 1.85 804 4612 l-d 
CRA2 23 11/3/2011 5.44 0.01 6.22 0.03 1.59 1.53 919 4733  
CRA2 24 11/3/2011 5.56 0.04 6.85 0.09 1.72 2.16 753 4854  
CRA2 25 11/3/2011 5.38 0.02 6.58 0.04 1.54 1.89 889 4975  
CRA2 26 11/3/2011 5.64 0.03 5.69 0.03 1.80 0.99 1021 5096  
CRA2 27 11/3/2011 5.37 0.01 4.91 0.04 1.53 0.22 941 5217  
CRA2 28 11/3/2011 5.03 0.03 4.77 0.08 1.19 0.07 633 5338  
CRA2 29 11/3/2011 4.84 0.02 4.89 0.08 1.01 0.19 1087 5459 annual, end yr 3 d-l 
CRA2 30 11/3/2011 5.18 0.01 4.42 0.03 1.34 -0.28 921 5509  
CRA2 31 11/3/2011 4.76 0.00 4.36 0.04 0.92 -0.34 1046 5558  
CRA2 32 11/3/2011 4.91 0.03 4.56 0.06 1.07 -0.14 1002 5608  
CRA2 33 11/3/2011 4.90 0.01 4.66 0.03 1.06 -0.04 743 5657  
CRA2 34 11/3/2011 4.69 0.02 4.63 0.03 0.86 -0.06 1012 5707  
CRA2 35 11/3/2011 4.86 0.01 4.25 0.02 1.02 -0.45 919 5756  
37 
 
CRA2 36 11/3/2011 5.16 0.02 4.99 0.02 1.31 0.29 858 5806  
CRA2 37 11/3/2011 4.82 0.04 4.13 0.06 0.98 -0.57 1004 5855  
CRA2 38 11/3/2011 5.75 0.02 4.93 0.02 1.91 0.23 841 5905  
CRA2 39 11/3/2011 5.87 0.04 5.35 0.08 2.02 0.65 726 5954 l-d 
CRA2 40 11/3/2011 5.96 0.02 5.76 0.02 2.11 1.07 792 6004  
CRA2 41 11/8/2011 6.04 0.02 6.10 0.04 2.19 1.41 848 6053  
CRA2 42 11/8/2011 7.14 1.23 -9.09 0.37 3.29   98  too small 
CRA2 43 11/8/2011 5.77 0.01 6.08 0.03 1.92 1.39 909 6152 annual, end yr 4 d-l 
CRA2 44 11/8/2011 5.05 0.02 5.29 0.05 1.21 0.60 1058 6205  
CRA2 45 11/8/2011 5.27 0.01 5.00 0.05 1.43 0.31 1161 6258  
CRA2 46 11/8/2011 5.50 0.01 5.33 0.01 1.66 0.63 892 6310  
CRA2 47 11/8/2011 5.27 0.03 4.78 0.05 1.43 0.09 787 6363  
CRA2 48 11/8/2011 5.45 0.02 5.01 0.04 1.60 0.32 811 6416  
CRA2 49 11/8/2011 5.38 0.02 4.83 0.07 1.54 0.14 880 6469  
CRA2 50 11/8/2011 5.36 0.02 5.06 0.06 1.52 0.36 831 6522 l-d 
CRA2 51 11/8/2011 5.47 0.02 5.04 0.02 1.63 0.35 821 6574  
CRA2 52 11/8/2011 5.29 0.01 4.51 0.07 1.45 -0.18 899 6627  
CRA2 53 11/8/2011 5.05 0.02 4.83 0.04 1.21 0.14 855 6680  
CRA2 54 11/8/2011 5.14 0.02 4.63 0.02 1.30 -0.07 826 6733  
CRA2 55 11/8/2011 4.96 0.00 4.38 0.02 1.12 -0.32 826 6785  
CRA2 56 11/8/2011 5.06 0.01 4.02 0.03 1.22 -0.68 909 6838  
CRA2 57 11/8/2011 5.35 0.03 4.11 0.10 1.51 -0.58 938 6891 annual, end yr 5 
CRA8 1 9/7/2011 4.38 0.01 6.14 0.03 0.45 1.35 1048 2950 annual, end yr 1 
CRA8 2 9/7/2011 5.44 0.01 5.61 0.01 1.49 0.81 868 3027  
CRA8 3 9/7/2011 5.57 0.02 5.56 0.04 1.63 0.76 667 3104  
CRA8 4 9/7/2011 5.69 0.03 5.71 0.03 1.74 0.91 531 3181  
CRA8 5 9/7/2011 5.43 0.03 5.59 0.05 1.48 0.79 777 3257  
CRA8 6 9/5/2011 4.82 0.03 6.31 0.06 0.88 1.51 875 3334  
CRA8 7 9/5/2011 5.29 0.01 5.43 0.01 1.35 0.63 846 3411  
CRA8 8 9/5/2011 5.10 0.02 5.31 0.03 1.15 0.51 738 3488 l-d 
CRA8 9 9/5/2011 5.05 0.02 5.44 0.05 1.11 0.65 899 3565  
CRA8 10 9/5/2011 5.03 0.01 5.43 0.02 1.08 0.64 853 3642  
CRA8 11 9/5/2011 4.93 0.01 5.31 0.03 0.99 0.51 704 3719  
CRA8 12 9/5/2011 4.91 0.02 5.14 0.02 0.97 0.34 858 3795  
CRA8 13 9/5/2011 4.98 0.07 5.11 0.07 1.04 0.32 846 3872  
CRA8 14 9/5/2011 4.93 0.03 5.02 0.09 0.99 0.23 902 3949  
CRA8 15 9/5/2011 4.93 0.03 4.98 0.03 0.99 0.19 789 4026 d-l end yr 2 
CRA8 16 9/5/2011 4.77 0.01 6.29 0.01 0.83 1.50 1148 4101  
CRA8 17 9/5/2011 4.84 0.02 5.73 0.01 0.90 0.94 665 4175  
CRA8 18 9/5/2011 5.17 0.02 6.36 0.01 1.23 1.57 787 4250  
CRA8 19 9/5/2011 5.07 0.01 6.44 0.04 1.13 1.65 824 4324  
CRA8 20 9/5/2011 5.11 0.01 6.68 0.07 1.16 1.89 758 4399 l-d 
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CRA8 21 9/5/2011 5.01 0.01 6.80 0.04 1.07 2.01 811 4473  
CRA8 22 9/5/2011 5.09 0.01 6.87 0.03 1.14 2.07 814 4548  
CRA8 23 9/6/2011 5.07 0.01 6.74 0.03 1.13 1.95 821 4622  
CRA8 24 9/6/2011 5.09 0.02 6.59 0.09 1.15 1.80 753 4697  
CRA8 25 9/6/2011 5.05 0.01 5.94 0.01 1.11 1.14 628 4771  
CRA8 26 9/6/2011 5.26 0.03 5.70 0.09 1.32 0.90 929 4846  
CRA8 27 9/6/2011 5.36 0.01 5.79 0.02 1.42 0.99 843 4920  
CRA8 28 9/6/2011 5.49 0.03 5.61 0.09 1.55 0.81 926 4995  
CRA8 29 9/6/2011 5.53 0.01 5.27 0.04 1.58 0.47 916 5069  
CRA8 30 9/6/2011 5.58 0.01 5.35 0.01 1.63 0.56 899 5144 annual, end yr 3 
CRA8 31 9/6/2011 5.27 0.02 6.59 0.12 1.33 1.80 1236 5241  
CRA8 32 9/6/2011 5.39 0.03 6.04 0.12 1.45 1.25 926 5338  
CRA8 33 9/6/2011 5.72 0.01 5.72 0.02 1.78 0.93 699 5435  
CRA8 34 9/6/2011 5.72 0.01 6.09 0.03 1.77 1.30 821 5533  
CRA8 35 9/6/2011 5.68 0.01 5.93 0.03 1.74 1.14 826 5630  
CRA8 36 9/6/2011 5.50 0.02 5.78 0.11 1.55 0.99 755 5727 l-d 
CRA8 37 9/6/2011 5.26 0.01 6.02 0.02 1.32 1.23 914 5824  
CRA8 38 9/6/2011 5.05 0.01 6.18 0.02 1.11 1.39 990 5921  
CRA8 39 9/6/2011 5.02 0.01 6.57 0.03 1.08 1.78 877 6018  
CRA8 40 9/6/2011 4.90 0.01 6.51 0.04 0.96 1.72 1041 6115  
CRA8 41 9/6/2011 4.99 0.01 6.59 0.03 1.05 1.80 836 6212  
CRA8 42 9/6/2011 4.97 0.01 5.85 0.02 1.03 1.05 870 6310  
CRA8 43 9/7/2011 4.75 0.01 5.43 0.01 0.81 0.64 877 6407  
CRA8 44 9/7/2011 4.62 0.01 5.49 0.03 0.69 0.70 946 6504  
CRA8 45 9/7/2011 4.56 0.02 6.11 0.02 0.62 1.32 1036 6601 annual, end yr 4 
CRA8 46 9/7/2011 4.52 0.02 6.46 0.06 0.58 1.66 936 6679  
CRA8 47 9/7/2011 4.59 0.02 6.16 0.03 0.66 1.36 1031 6757  
CRA8 48 9/7/2011 4.53 0.01 6.31 0.02 0.59 1.52 960 6834  
CRA8 49 9/7/2011 4.42 0.01 6.64 0.03 0.48 1.85 933 6912  
CRA8 50 9/7/2011 4.30 0.02 6.70 0.04 0.36 1.90 755 6990  
CRA8 51 9/7/2011 4.73 0.02 6.21 0.07 0.79 1.41 924 7068  
CRA8 52 9/8/2011 4.92 0.01 5.81 0.03 0.98 1.01 1002 7146  
CRA8 53 9/8/2011 5.18 0.01 6.14 0.05 1.23 1.35 1100 7223 l-d 
CRA8 54 9/8/2011 5.07 0.01 6.30 0.02 1.13 1.51 1063 7301  
CRA8 55 9/8/2011 5.06 0.03 6.74 0.03 1.12 1.94 784 7379  
CRA8 56 9/8/2011 5.08 0.03 6.45 0.09 1.14 1.65 797 7457  
CRA8 57 9/8/2011 5.24 0.01 5.79 0.01 1.30 0.99 1112 7535  
CRA8 58 9/8/2011 5.35 0.02 5.62 0.08 1.41 0.82 938 7612  
CRA8 59 9/8/2011 5.16 0.02 5.29 0.08 1.22 0.49 943 7690  
CRA8 60 9/8/2011 5.32 0.03 5.51 0.07 1.37 0.71 926 7768 annual, end yr 5 
CRB3 1 9/20/2011 5.17 0.02 4.36 0.08 1.23 -0.43 553 1660 annual, end yr 1 
CRB3 2 9/20/2011 5.36 0.01 4.18 0.03 1.42 -0.62 494 1819  
CRB3 3 9/20/2011 6.01 0.02 4.41 0.06 2.06 -0.39 504 1979  
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CRB3 4 9/20/2011 6.35 0.02 5.16 0.10 2.40 0.36 291 2138  
CRB3 5 9/20/2011 6.15 0.02 4.93 0.09 2.20 0.13 364 2297  
CRB3 6 9/20/2011 6.09 0.03 4.51 0.06 2.14 -0.29 430 2457  
CRB3 7 9/20/2011 5.83 0.02 4.86 0.05 1.89 0.06 662 2616  
CRB3 8 9/20/2011 5.88 0.03 5.26 0.05 1.93 0.46 543 2776  
CRB3 9 9/20/2011 5.57 0.03 5.18 0.08 1.62 0.38 951 2935  
CRB3 10 9/20/2011 5.48 0.01 5.68 0.03 1.53 0.88 948 3094 l-d 
CRB3 11 9/20/2011 4.81 0.01 5.93 0.03 0.87 1.13 689 3254  
CRB3 12 9/20/2011 4.88 0.01 6.01 0.05 0.94 1.21 672 3413  
CRB3 13 9/20/2011 4.35 0.04 5.98 0.06 0.41 1.19 609 3572  
CRB3 14 9/20/2011 4.33 0.01 5.83 0.04 0.39 1.04 914 3732  
CRB3 15 9/20/2011 4.73 0.05 5.49 0.08 0.79 0.70 990 3891 annual, end yr 2 
CRB3 16 9/20/2011 5.51 0.04 5.18 0.10 1.56 0.39 323 4029  
CRB3 17 9/20/2011 5.41 0.02 5.59 0.07 1.47 0.80 328 4167  
CRB3 18 9/20/2011 4.78 0.01 4.54 0.03 0.84 -0.26 753 4306  
CRB3 19 9/21/2011 4.73 0.17 4.39 0.39 0.80 -0.41 389 4444 d-l 
CRB3 20 9/21/2011 4.58 0.02 3.90 0.04 0.64 -0.89 535 4582  
CRB3 21 9/21/2011 5.35 0.02 4.18 0.09 1.41 -0.62 614 4720  
CRB3 22 9/21/2011 5.45 0.02 4.35 0.02 1.51 -0.45 1095 4858  
CRB3 23 9/21/2011 5.69 0.03 4.38 0.09 1.75 -0.41 640 4997  
CRB3 24 9/21/2011 5.65 0.03 4.47 0.07 1.70 -0.32 1009 5135 l-d 
CRB3 25 9/16/2011 5.91 0.03 5.03 0.06 1.96 0.23 843 5273  
CRB3 26 9/16/2011 5.52 0.02 4.49 0.01 1.58 -0.31 531 5411  
CRB3 27 9/16/2011 5.37 0.01 4.73 0.01 1.43 -0.07 1100 5549  
CRB3 28 9/16/2011 5.68 0.02 5.14 0.04 1.73 0.34 435 5688  
CRB3 29 9/16/2011 5.50 0.03 5.81 0.03 1.56 1.02 855 5826  
CRB3 30 9/16/2011 4.88 0.04 5.84 0.11 0.94 1.05 1151 5964 annual, end yr 3 
CRB3 31 9/16/2011 5.20 0.02 5.79 0.05 1.26 0.99 1244 6093  
CRB3 32 9/16/2011 4.69 0.03 6.48 0.05 0.75 1.68 1043 6222  
CRB3 33 9/19/2011 4.82 0.01 6.80 0.02 0.88 2.01 1051 6352  
CRB3 34              Boat stuck in hole 
CRB3 35 9/19/2011 5.47 0.04 5.35 0.09 1.53 0.56 816 6610  
CRB3 36 9/19/2011 4.89 0.02 4.55 0.05 0.95 -0.24 1104 6739  
CRB3 37 9/19/2011 4.46 0.02 4.42 0.01 0.52 -0.38 1114 6868  
CRB3 38 9/19/2011 4.60 0.06 4.44 0.14 0.66 -0.36 1143 6998  
CRB3 39 9/19/2011 4.96 0.01 3.96 0.02 1.02 -0.84 1178 7127  
CRB3 40 9/19/2011 5.47 0.01 3.94 0.01 1.52 -0.85 1161 7256  
CRB3 41 9/19/2011 5.66 0.01 4.13 0.02 1.71 -0.67 1141 7385  
CRB3 42 9/19/2011 5.84 0.03 4.69 0.08 1.89 -0.11 1109 7514 l-d 
CRB3 43 9/19/2011 5.91 0.01 4.76 0.07 1.96 -0.04 1226 7644  
CRB3 44 9/19/2011 5.86 0.04 5.24 0.06 1.91 0.44 1004 7773  
CRB3 45 9/16/2011 4.25 0.04 1.47 0.07 0.32 -3.33 206  too small 
CRB3 46 9/16/2011 4.68 0.02 5.22 0.03 0.74 0.42 440 81  
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CRB3 47 9/16/2011 4.49 0.01 5.70 0.04 0.55 0.91 1078 163  
CRB3 48 9/16/2011 6.30 0.03 6.55 0.09 2.35 1.75 1112 244  
CRB3 49 9/16/2011 6.01 0.02 5.84 0.03 2.06 1.04 1148 325  
CRB3 50 9/16/2011 6.13 0.02 5.66 0.08 2.18 0.87 1090 407  
CRB3 51 9/16/2011 6.24 0.03 5.38 0.02 2.29 0.58 916 488  
CRB3 52 9/16/2011 6.11 0.03 5.04 0.05 2.16 0.24 1148 569  
CRB3 53 9/16/2011 5.85 0.03 4.72 0.05 1.90 -0.07 1146 651  
CRB3 54 9/16/2011 5.89 0.01 4.43 0.05 1.94 -0.37 875 732  
CRB3 55 9/16/2011 6.06 0.00 4.43 0.04 2.11 -0.37 692 813  
CRB3 56 9/16/2011 5.50 0.01 4.28 0.02 1.55 -0.52 1102 895  
CRB3 57 9/16/2011 5.02 0.04 4.60 0.08 1.08 -0.19 1129 976  
CRB3 58 9/17/2011 4.88 0.02 4.63 0.07 0.94 -0.17 992 1057  
CRB3 59 9/17/2011 4.85 0.03 5.72 0.04 0.91 0.93 824 1139  
CRB3 60 9/17/2011 5.33 0.02 7.15 0.05 1.39 2.36 838 9122 annual, end yr 5 
CRB7 1 9/28/2011 5.69 0.04 6.88 0.10 1.74 2.08 1031 1925 annual, end yr 1 
CRB7 2 9/28/2011 5.63 0.01 6.40 0.02 1.69 1.60 882 2078  
CRB7 3 9/28/2011 5.54 0.02 6.25 0.08 1.60 1.46 929 2232  
CRB7 4 9/28/2011 5.65 0.06 6.24 0.06 1.70 1.44 1266 2385  
CRB7 5 9/27/2011 4.74 0.03 5.13 0.01 0.80 0.34 606 2538 disturbance 
CRB7 6 9/27/2011 5.20 0.02 4.30 0.04 1.26 -0.50 582 2691  
CRB7 7 9/27/2011 5.30 0.02 4.92 0.10 1.36 0.13 582 2845 d-l 
CRB7 8 9/27/2011 5.42 0.01 5.06 0.01 1.48 0.27 794 2998  
CRB7 9 9/27/2011 5.55 0.01 5.17 0.02 1.60 0.38 623 3151  
CRB7 10 9/27/2011 5.54 0.01 5.26 0.02 1.59 0.46 616 3305  
CRB7 11 9/27/2011 5.38 0.02 5.18 0.02 1.44 0.38 667 3458  
CRB7 12 9/27/2011 5.35 0.02 5.14 0.06 1.41 0.34 709 3611  
CRB7 13 9/27/2011 5.37 0.02 5.34 0.06 1.43 0.54 1048 3764  
CRB7 14 9/27/2011 5.44 0.01 5.50 0.04 1.49 0.70 726 3918  
CRB7 15 9/27/2011 5.41 0.02 5.52 0.06 1.46 0.72 648 4071 annual, end yr 2 l-d 
CRB7 16 9/27/2011 5.16 0.02 5.21 0.04 1.22 0.42 904 4144  
CRB7 17 9/27/2011 5.13 0.01 5.72 0.02 1.19 0.92 701 4217 disturbance 
CRB7 18 9/27/2011 5.07 0.03 6.11 0.08 1.13 1.32 802 4290 disturbance 
CRB7 19 9/27/2011 4.80 0.02 5.91 0.04 0.86 1.11 777 4364  
CRB7 20 9/27/2011 4.91 0.07 6.13 0.16 0.97 1.33 609 4437  
CRB7 21 9/27/2011 4.46 0.01 6.71 0.05 0.52 1.91 855 4510 d-l 
CRB7 22 9/28/2011 4.44 0.01 6.40 0.03 0.50 1.60 404 4583 disturbance 
CRB7 23 9/28/2011 4.02 0.03 5.77 0.07 0.09 0.98 462 4656  
CRB7 24 9/28/2011 4.22 0.03 5.95 0.06 0.29 1.16 865 4729  
CRB7 25 9/28/2011 4.76 0.03 5.45 0.09 0.82 0.65 770 4802  
CRB7 26 9/28/2011 5.19 0.03 5.05 0.06 1.25 0.25 946 4875  
CRB7 27 9/28/2011 4.90 0.01 4.94 0.04 0.96 0.15 838 4949  
CRB7 28 9/28/2011 4.81 0.01 4.71 0.02 0.87 -0.08 872 5022  
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CRB7 29 9/28/2011 5.26 0.01 4.94 0.03 1.32 0.14 655 5095  
CRB7 30 9/28/2011 5.40 0.03 5.40 0.03 1.45 0.61 765 5168 annual, end yr 3 l-d 
CRB7 31 9/28/2011 5.50 0.02 5.52 0.03 1.56 0.73 841 5249  
CRB7 32 9/28/2011 5.37 0.01 5.16 0.03 1.43 0.36 897 5329  
CRB7 33 9/28/2011 5.38 0.02 4.87 0.02 1.44 0.07 523 5410  
CRB7 34 9/28/2011 5.54 0.01 4.66 0.01 1.59 -0.14 850 5491  
CRB7 35 9/28/2011 5.33 0.01 5.05 0.02 1.38 0.26 775 5571  
CRB7 36 9/28/2011 5.39 0.05 5.26 0.12 1.45 0.46 1019 5652 d-l 
CRB7 37 9/28/2011 5.44 0.02 5.96 0.05 1.49 1.17 699 5733  
CRB7 38 9/28/2011 4.68 0.03 0.37 0.06 0.74 -4.43 1019 5813  
CRB7 39 9/28/2011 5.29 0.01 5.55 0.02 1.34 0.75 706 5894  
CRB7 40 9/28/2011 5.00 0.01 5.35 0.01 1.06 0.56 765 5975  
CRB7 41 9/28/2011 4.83 0.02 5.13 0.07 0.89 0.33 609 6055  
CRB7 42 9/28/2011 5.14 0.01 5.34 0.01 1.20 0.55 709 6136  
CRB7 43 9/28/2011 5.04 0.02 5.51 0.06 1.10 0.72 1004 6217  
CRB7 44 9/28/2011 5.13 0.03 4.79 0.11 1.19 0.00 985 6297  
CRB7 45 9/28/2011 5.20 0.02 5.45 0.05 1.26 0.65 848 6378 annual, end yr 4 l-d 
CRB7 46 9/28/2011 5.18 0.01 5.11 0.03 1.24 0.32 1068 6444  
CRB7 47 9/28/2011 5.38 0.04 4.49 0.13 1.44 -0.31 980 6511  
CRB7 48 9/29/2011 5.47 0.32 -4.60 0.20 1.53 -9.40 159 6577 too small 
CRB7 49 9/29/2011 5.86 0.01 4.31 0.01 1.92 -0.49 726 6644  
CRB7 50 9/29/2011 5.68 0.02 3.99 0.03 1.73 -0.80 919 6710  
CRB7 51 9/29/2011 5.72 0.02 4.72 0.10 1.77 -0.08 731 6777  
CRB7 52 9/29/2011 5.11 0.02 4.81 0.03 1.17 0.02 645 6843  
CRB7 53 9/29/2011 5.01 0.01 4.73 0.03 1.07 -0.07 850 6909  
CRB7 54 9/29/2011 5.19 0.05 4.98 0.10 1.25 0.19 782 6976 d-l 
CRB7 55 9/29/2011 5.56 0.03 4.31 0.09 1.61 -0.48 787 7042  
CRB7 56 9/29/2011 5.83 0.05 4.18 0.02 1.89 -0.62 809 7109  
CRB7 57 9/29/2011 6.43 0.04 3.94 0.03 2.47 -0.86 838 7175  
CRB7 58 9/29/2011 6.16 0.03 4.73 0.07 2.21 -0.06 853 7242  
CRB7 59 9/29/2011 6.22 0.01 4.89 0.05 2.27 0.10 838 7308 annual, end yr 5 
CRB10 1 10/3/2011 4.80 0.04 7.18 0.05 0.86 2.38 1187 2090 annual, end yr 1 
CRB10 2 10/3/2011 4.83 0.04 6.93 0.02 0.89 2.14 975 2232  
CRB10 3 10/3/2011 5.33 0.01 6.46 0.02 1.39 1.67 877 2373  
CRB10 4 10/3/2011 5.31 0.04 6.09 0.08 1.37 1.30 814 2515  
CRB10 5 10/3/2011 4.76 0.02 5.03 0.04 0.82 0.23 921 2656  
CRB10 6 10/3/2011 4.89 0.04 4.77 0.03 0.95 -0.02 926 2798  
CRB10 7 10/19/2011 4.79 0.00 4.55 0.03 0.95 -0.15 933 2939  
CRB10 8 10/19/2011 4.83 0.02 5.00 0.05 0.99 0.30 1009 3081 d-l 
CRB10 9 10/19/2011 4.77 0.02 5.09 0.05 0.94 0.39 968 3222  
CRB10 10 10/19/2011 5.08 0.03 4.97 0.02 1.24 0.28 1007 3364  
CRB10 11             3505 too little material 
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CRB10 12 10/24/2011 4.94 0.01 6.01 0.08 1.10 1.32 406 3647 l-d 
CRB10 13 10/24/2011 4.29 0.03 5.71 0.04 0.45 1.02 1034 3788  
CRB10 14 10/24/2011 4.61 0.02 5.38 0.08 0.77 0.69 975 3930 annual, end yr 2 
CRB10 15 10/24/2011 4.04 0.02 4.36 0.07 0.20 -0.33 911 4077  
CRB10 16 10/24/2011 4.85 0.04 5.28 0.06 1.01 0.58 445 4224 d-l 
CRB10 17 10/24/2011 4.48 0.04 5.15 0.07 0.65 0.45 860 4371  
CRB10 18 10/24/2011 4.38 0.08 4.67 0.05 0.55 -0.02 784 4519  
CRB10 19 10/24/2011 4.34 0.01 4.11 0.02 0.51 -0.59 894 4666  
CRB10 20 10/24/2011 4.77 0.03 5.01 0.06 0.93 0.31 875 4813  
CRB10 21 10/24/2011 4.66 0.02 4.71 0.04 0.82 0.01 479 4960  
CRB10 22 10/24/2011 4.93 0.01 3.67 0.04 1.09 -1.03 1053 5107 l-d 
CRB10 23 10/24/2011 4.94 0.03 5.65 0.07 1.10 0.96 865 5254  
CRB10 24 10/1/2011 4.92 0.01 5.23 0.03 0.98 0.43 929 5401  
CRB10 25 10/1/2011 5.38 0.04 5.89 0.05 1.43 1.09 489 5549  
CRB10 26 10/1/2011 5.18 0.02 6.07 0.05 1.24 1.27 755 5696  
CRB10 27 10/1/2011 4.77 0.02 6.38 0.05 0.83 1.58 977 5843  
CRB10 28 10/1/2011 4.96 0.01 6.09 0.03 1.02 1.29 853 5990 annual, end yr 3 
CRB10 29 10/1/2011 3.73 0.02 4.53 0.04 -0.20 -0.27 970 6100  
CRB10 30 10/1/2011 4.26 0.03 4.85 0.04 0.32 0.05 567 6209 d-l 
CRB10 31 10/1/2011 4.74 0.02 4.43 0.04 0.80 -0.36 357 6319  
CRB10 32 10/1/2011 4.52 0.02 4.04 0.05 0.58 -0.75 689 6429  
CRB10 33 10/1/2011 4.28 0.01 3.96 0.01 0.35 -0.83 826 6539  
CRB10 34 10/2/2011 4.49 0.02 4.25 0.02 0.55 -0.54 433 6648  
CRB10 35 10/2/2011 4.34 0.03 4.60 0.02 0.40 -0.19 557 6758  
CRB10 36 10/2/2011 4.68 0.02 4.86 0.04 0.74 0.06 706 6868  
CRB10 37 10/2/2011 4.69 0.02 5.41 0.03 0.76 0.61 616 6978  
CRB10 38 10/2/2011 4.80 0.03 5.97 0.08 0.86 1.18 1095 7087  
CRB10 39 10/2/2011 4.85 0.01 6.41 0.02 0.91 1.62 951 7197 l-d 
CRB10 40 10/2/2011 4.70 0.02 6.62 0.04 0.76 1.83 865 7307  
CRB10 41 10/2/2011 4.46 0.01 6.03 0.04 0.53 1.23 875 7417  
CRB10 42 10/2/2011 3.90 0.04 4.74 0.06 -0.04 -0.06 1126 7526  
CRB10 43 10/2/2011 4.30 0.02 4.93 0.03 0.36 0.13 860 7636 annual, end yr 4 
CRB10 44 10/2/2011 3.91 0.05 4.37 0.11 -0.03 -0.43 960 7715 d-l 
CRB10 45 10/2/2011 3.98 0.02 3.72 0.02 0.05 -1.08 889 7793  
CRB10 46 10/2/2011 4.23 0.06 3.31 0.17 0.30 -1.49 614 7872  
CRB10 47 10/2/2011 4.53 0.03 3.78 0.04 0.59 -1.02 858 7950  
CRB10 48 10/2/2011 4.95 0.02 4.16 0.06 1.01 -0.64 992 8029  
CRB10 49 10/2/2011 5.29 0.01 4.63 0.04 1.35 -0.17 1046 8107  
CRB10 50 10/2/2011 5.24 0.05 4.63 0.17 1.30 -0.17 955 8186  
CRB10 51 10/3/2011 5.46 0.02 5.03 0.03 1.51 0.24 1034 8264  
CRB10 52 10/3/2011 5.42 0.03 5.12 0.09 1.47 0.32 985 8343  
CRB10 53 10/3/2011 5.53 0.04 5.63 0.05 1.59 0.83 963 8421 l-d 
CRB10 54 10/3/2011 5.66 0.02 5.73 0.04 1.71 0.94 921 8500  
43 
 
CRB10 55 10/3/2011 5.58 0.05 5.86 0.10 1.63 1.07 997 8578  
CRB10 56 10/3/2011 5.15 0.02 5.90 0.03 1.21 1.11 1046 8657  
CRB10 57 10/3/2011 4.74 0.01 5.44 0.02 0.80 0.65 831 8735 annual, end yr 5 
CRB19 1 3/12/2012 3.97 0.01 4.92 0.04 0.18 0.37 631 3890 end yr 1 
CRB19 2 3/12/2012 4.20 0.01 5.02 0.03 0.40 0.48 855 4025  
CRB19 3 3/12/2012            4160 too small 
CRB19 4 3/12/2012            4296 too small 
CRB19 5 3/12/2012 5.41 0.01 5.22 0.00 1.61 0.67 870 4431  
CRB19 6 3/12/2012 5.37 0.01 5.44 0.04 1.57 0.90 794 4566  
CRB19 7 3/12/2012 4.97 0.01 5.57 0.02 1.18 1.03 653 4702  
CRB19 8 3/12/2012 5.57 0.01 5.94 0.02 1.77 1.40 843 4837  
CRB19 9 3/12/2012 5.47 0.01 5.28 0.02 1.67 0.74 731 4972  
CRB19 10 3/12/2012 5.00 0.02 6.45 0.04 1.20 1.92 841 5108  
CRB19 11 3/12/2012 4.82 0.02 6.76 0.03 1.02 2.22 631 5243  
CRB19 12 3/12/2012 3.75 0.00 6.16 0.03 -0.05 1.62 858 5379 d-l 
CRB19 13 3/12/2012 4.54 0.02 5.78 0.04 0.75 1.24 951 5514  
CRB19 14 3/12/2012            5649 too small 
CRB19 15 3/12/2012 3.76 0.01 5.14 0.03 -0.03 0.60 777 5785 end yr 2 
CRB19 1 9/2/2011 4.07 0.01 5.99 0.02 0.14 1.20 1100 5920 annual, end yr 3 
CRB19 2 9/2/2011 4.18 0.01 5.67 0.02 0.24 0.88 509 5981  
CRB19 3 9/2/2011 4.07 0.03 5.17 0.03 0.14 0.38 518 6043 l-d 
CRB19 4 9/2/2011 4.65 0.14 5.17 0.17 0.71 0.38 291 6104  
CRB19 5 8/25/2011 4.12 0.02 4.97 0.01 0.33 0.27 340 6165  
CRB19 6 8/25/2011 4.10 0.01 4.84 0.02 0.31 0.13 441 6226  
CRB19 7 8/25/2011 4.58 0.01 5.03 0.02 0.79 0.32 343 6288  
CRB19 8 8/25/2011 4.47 0.02 5.24 0.03 0.68 0.54 345 6349  
CRB19 9 8/25/2011 4.73 0.01 5.29 0.03 0.94 0.59 338 6410  
CRB19 10 8/25/2011 4.52 0.02 5.27 0.02 0.73 0.57 441 6472  
CRB19 11 8/25/2011 4.52 0.02 4.87 0.02 0.72 0.17 340 6533  
CRB19 12 8/25/2011 4.27 0.01 4.85 0.03 0.48 0.15 387 6594  
CRB19 13 8/25/2011 4.53 0.02 4.44 0.03 0.74 -0.26 443 6655  
CRB19 14 8/25/2011 4.99 0.02 4.34 0.02 1.20 -0.36 468 6717  
CRB19 15 8/25/2011 4.62 0.05 3.45 0.10 0.83 -1.26 83 858 too small 
CRB19 16 8/25/2011 5.18 0.01 4.33 0.02 1.39 -0.37 588 900  
CRB19 17 8/25/2011 4.44 0.02 4.39 0.06 0.65 -0.31 194 943  
CRB19 18 8/25/2011 5.44 0.01 4.50 0.03 1.64 -0.20 633 985  
CRB19 19 8/25/2011 5.11 0.01 4.71 0.03 1.32 0.01 331 1028  
CRB19 20 8/25/2011 5.04 0.02 4.94 0.03 1.25 0.24 357 1070  
CRB19 21 8/26/2011 5.57 0.02 5.18 0.05 1.73 0.48 880 1112  
CRB19 22 8/26/2011 5.44 0.03 5.14 0.03 1.59 0.44 865 1155 l-d 
CRB19 23 8/26/2011 4.93 0.04 4.96 0.07 1.09 0.27 987 1197  
CRB19 24 8/26/2011 4.93 0.02 4.79 0.08 1.09 0.09 531 1240  
CRB19 25 8/27/2011 5.20 0.01 5.45 0.01 1.35 0.76 782 1282  
44 
 
CRB19 26 8/27/2011 5.06 0.01 5.55 0.03 1.22 0.85 863 1324  
CRB19 27 8/27/2011 5.12 0.04 5.57 0.07 1.28 0.88 833 1367  
CRB19 28 8/27/2011 4.31 0.03 5.09 0.07 0.48 0.39 977 1409  
CRB19 29 8/27/2011 4.82 0.01 5.36 0.02 0.98 0.67 682 1452  
CRB19 30 8/27/2011 3.87 0.07 4.88 0.11 0.04 0.18 963 7414 annual, end yr 5 d-l 
CRB19 31 8/27/2011 4.23 0.03 4.91 0.04 0.40 0.21 1200 7458  
CRB19 32 8/27/2011 3.44 0.01 4.42 0.02 -0.39 -0.28 731 7501  
CRB19 33 8/27/2011 4.06 0.01 4.36 0.01 0.23 -0.34 699 7545  
CRB19 34 8/27/2011 4.78 0.02 4.55 0.05 0.94 -0.14 794 7588  
CRB19 35 8/26/2011 4.46 0.02 4.63 0.02 0.63 -0.06 955 7632  
CRB19 36 9/1/2011 4.70 0.01 4.69 0.01 0.86 -0.01 1060 7676  
CRB19 37 9/2/2011 5.13 0.00 4.91 0.02 1.29 0.21 623 7719  
CRB19 38 9/2/2011 5.24 0.02 5.29 0.05 1.40 0.59 545 7763  
CRB19 39 9/2/2011 5.05 0.01 5.03 0.03 1.21 0.33 1104 7806  
CRB19 40 9/2/2011 4.89 0.02 5.26 0.02 1.05 0.57 990 7850  
CRB19 41 9/2/2011 4.30 0.01 5.46 0.02 0.37 0.67 980 7894 l-d 
CRB19 42 9/2/2011 4.25 0.01 5.69 0.04 0.32 0.89 787 7937  
CRB19 43 9/2/2011 4.31 0.02 5.55 0.04 0.38 0.75 775 7981  
CRB19 44 9/2/2011 4.67 0.02 5.44 0.03 0.73 0.64 955 8024  
CRB19 45 9/2/2011 4.26 0.03 5.17 0.07 0.33 0.38 858 8068 annual, end yr 6 d-l 
CRB19 46 9/2/2011 4.18 0.01 4.97 0.04 0.25 0.17 946 8113  
CRB19 47 9/2/2011 4.57 0.02 5.14 0.03 0.63 0.34 1026 8157  
CRB19 48 9/2/2011 4.73 0.01 4.96 0.03 0.79 0.16 1060 8202  
CRB19 49 9/2/2011 4.93 0.01 5.13 0.02 0.99 0.33 899 8247  
CRB19 50 9/3/2011 4.92 0.05 5.36 0.05 0.98 0.57 870 8291  
CRB19 51 9/3/2011 4.99 0.02 5.71 0.08 1.05 0.91 960 8336  
CRB19 52 9/3/2011 4.91 0.00 6.07 0.02 0.97 1.28 833 8381  
CRB19 53 9/3/2011 4.36 0.04 5.75 0.07 0.43 0.95 931 8425  
CRB19 54 9/3/2011 4.09 0.02 5.75 0.04 0.16 0.95 1026 8470  
CRB19 55 9/3/2011 3.90 0.01 5.42 0.01 -0.03 0.62 946 8515 l-d 
CRB19 56 9/3/2011 3.54 0.02 4.87 0.10 -0.39 0.07 592 8559  
CRB19 57 9/3/2011 3.79 0.01 5.24 0.04 -0.14 0.44 965 8604  
CRB19 58 9/3/2011 3.84 0.02 5.46 0.04 -0.09 0.67 865 8649  
CRB19 59 9/3/2011 3.78 0.02 5.16 0.01 -0.15 0.36 872 8693  
CRB19 60 9/3/2011 3.61 0.02 5.04 0.04 -0.32 0.25 1031 8738 annual, end yr 7 
FB1 1 9/5/2011 4.87 0.04 5.76 0.10 0.93 0.97 1124 3260 annual, end yr 2 
FB1 2 9/5/2011 4.72 0.02 5.37 0.06 0.78 0.58 916 3356  
FB1 3 9/5/2011 5.02 0.04 5.34 0.06 1.08 0.55 748 3453  
FB1 4 9/5/2011 4.69 0.03 5.75 0.06 0.75 0.95 748 3549  
FB1 5 9/5/2011 4.56 0.02 5.29 0.06 0.63 0.49 640 3646  
FB1 6 9/5/2011 4.55 0.02 5.88 0.05 0.61 1.08 1031 3742  
FB1 7 9/5/2011 4.29 0.01 6.11 0.05 0.35 1.31 970 3839  
45 
 
FB1 8 9/5/2011 4.19 0.01 6.57 0.03 0.26 1.77 828 3935 d-l 
FB1 9 9/5/2011 4.44 0.02 6.27 0.05 0.50 1.47 782 4031  
FB1 10 9/5/2011 4.44 0.06 6.20 0.08 0.50 1.41 809 4128  
FB1 11 9/5/2011 4.53 0.02 5.88 0.03 0.59 1.09 794 4224  
FB1 12 9/6/2011 4.80 0.02 5.31 0.03 0.86 0.52 1183 4321  
FB1 13 9/6/2011 4.99 0.01 4.90 0.02 1.05 0.10 889 4417  
FB1 14 9/6/2011 4.99 0.04 4.37 0.06 1.05 -0.42 990 4514  
FB1 15 9/6/2011 5.18 0.01 5.25 0.04 1.24 0.45 946 4610 annual, end yr 3 l-d 
FB1 16 9/6/2011 5.08 0.01 6.04 0.02 1.14 1.24 1156 4689  
FB1 17 9/6/2011 4.74 0.05 5.43 0.12 0.81 0.64 1207 4769  
FB1 18 9/6/2011 4.98 0.03 5.75 0.05 1.04 0.95 1112 4848  
FB1 19 9/6/2011 4.96 0.01 5.63 0.02 1.02 0.83 1051 4927  
FB1 20 9/6/2011 4.97 0.01 5.74 0.06 1.03 0.94 826 5007  
FB1 21 9/6/2011 4.78 0.03 5.75 0.03 0.84 0.96 1070 5086 d-l 
FB1 22 9/6/2011 3.92 0.02 5.48 0.03 -0.01 0.68 1151 5165  
FB1 23 9/5/2011 4.84 0.02 6.35 0.03 0.90 1.56 689 5245  
FB1 24 9/5/2011 3.87 0.02 5.76 0.10 -0.07 0.96 1310 5324  
FB1 25 9/3/2011 4.32 0.03 5.67 0.05 0.38 0.88 858 5403  
FB1 26 9/3/2011 4.62 0.01 5.55 0.03 0.68 0.75 997 5483  
FB1 27 9/3/2011 4.34 0.02 5.30 0.02 0.41 0.50 1002 5562  
FB1 28 9/3/2011 4.15 0.01 5.15 0.01 0.22 0.36 1073 5641  
FB1 29 9/3/2011 4.29 0.02 5.74 0.04 0.36 0.94 1126 5721 l-d 
FB1 30 9/3/2011 3.74 0.01 5.26 0.02 -0.19 0.47 1158 5800 annual, end yr 4 
FB1 31 9/3/2011 4.56 0.01 6.33 0.01 0.62 1.54 1153 5860  
FB1 32 9/3/2011 4.53 0.03 6.73 0.06 0.60 1.94 882 5920  
FB1 33 9/3/2011 4.61 0.03 6.18 0.03 0.68 1.38 860 5980  
FB1 34 9/3/2011 4.61 0.01 6.15 0.03 0.67 1.35 765 6040 d-l 
FB1 35 9/3/2011 4.50 0.02 5.82 0.07 0.56 1.03 980 6100  
FB1 36 9/3/2011 4.75 0.01 5.91 0.01 0.82 1.11 1109 6160  
FB1 37 9/3/2011 4.62 0.03 5.93 0.03 0.69 1.13 894 6220  
FB1 38 9/3/2011 4.29 0.01 5.80 0.02 0.35 1.01 826 6280  
FB1 39 9/3/2011 4.45 0.03 5.54 0.01 0.51 0.75 1153 6340  
FB1 40 9/3/2011 4.36 0.04 5.38 0.09 0.42 0.58 943 6400  
FB1 41 9/4/2011 4.31 0.01 6.54 0.02 0.38 1.75 753 6460 l-d 
FB1 42 9/4/2011 4.93 0.01 5.67 0.03 0.99 0.88 1007 6520  
FB1 43 9/4/2011 5.37 0.01 5.54 0.06 1.43 0.74 658 6580  
FB1 44 9/4/2011 5.39 0.03 5.75 0.04 1.45 0.95 1021 6640 annual, end yr 5  
FB1 45 9/4/2011 4.50 0.02 5.92 0.05 0.57 1.13 1107 6696  
FB1 47 9/4/2011 4.81 0.03 5.73 0.02 0.87 0.94 894 6752  
FB1 48 9/4/2011 4.93 0.01 5.86 0.07 0.99 1.07 973 6808  
FB1 49 9/4/2011 4.46 0.04 6.05 0.12 0.53 1.26 863 6865  
FB1 50 9/4/2011 4.30 0.02 5.90 0.05 0.36 1.11 814 6921 d-l 
46 
 
FB1 51 9/4/2011 4.37 0.02 4.79 0.02 0.43 -0.01 699 6977  
FB1 52 9/4/2011 4.62 0.04 5.26 0.04 0.68 0.46 982 7033  
FB1 53 9/4/2011 4.86 0.03 5.39 0.06 0.92 0.60 992 7089  
FB1 54 9/4/2011 4.62 0.01 5.60 0.08 0.68 0.80 911 7145  
FB1 55 9/4/2011 4.48 0.01 5.48 0.02 0.54 0.68 926 7202  
FB1 56 9/4/2011 4.51 0.02 5.32 0.05 0.57 0.53 1065 7258  
FB1 57 9/4/2011 4.51 0.02 5.30 0.11 0.57 0.51 985 7314  
FB1 58 9/5/2011 4.11 0.02 5.37 0.03 0.17 0.58 995 7370 annual, end yr 6 
FB5 1 9/15/2011 5.00 0.01 5.15 0.02 1.06 0.35 1085 1930 annual, end yr 1 
FB5 2 9/15/2011 5.18 0.03 5.43 0.05 1.24 0.63 606 2007  
FB5 3 9/8/2011 5.18 0.01 5.15 0.01 1.23 0.36 926 2084  
FB5 4 9/8/2011 5.21 0.02 5.02 0.08 1.27 0.22 904 2161  
FB5 5 9/8/2011 4.92 0.01 4.84 0.05 0.98 0.04 941 2238  
FB5 6 9/8/2011 4.75 0.02 4.55 0.05 0.81 -0.25 985 2315  
FB5 7 9/8/2011 4.52 0.01 4.54 0.02 0.59 -0.26 1063 2392  
FB5 8 9/8/2011 4.37 0.01 4.43 0.04 0.43 -0.37 1021 2468  
FB5 9 9/8/2011 4.42 0.03 4.66 0.03 0.48 -0.13 1019 2545  
FB5 10 9/8/2011 3.71 0.02 5.21 0.03 -0.22 0.41 850 2622 d-l 
FB5 11 9/8/2011 3.83 0.05 5.74 0.06 -0.10 0.95 894 2699  
FB5 12 9/8/2011 3.64 0.03 5.64 0.08 -0.28 0.85 963 2776  
FB5 14 9/10/2011 3.31 0.00 5.73 0.03 -0.61 0.94 1034 2853  
FB5 15 9/10/2011 3.67 0.04 5.40 0.08 -0.26 0.61 936 2930 annual, end yr 2 l-d 
FB5 16 9/10/2011 3.97 0.03 4.53 0.07 0.03 -0.27 941 2993  
FB5 17 9/10/2011 4.72 0.06 4.44 0.16 0.78 -0.36 977 3057  
FB5 18 9/10/2011 5.05 0.00 4.64 0.02 1.11 -0.16 1082 3120  
FB5 19 9/10/2011 5.16 0.01 4.46 0.04 1.22 -0.34 1107 3183  
FB5 20 9/11/2011 5.07 0.01 4.67 0.03 1.13 -0.13 1021 3247  
FB5 21 9/11/2011 4.93 0.01 4.47 0.07 0.99 -0.33 1007 3310  
FB5 22 9/11/2011 4.65 0.02 4.60 0.04 0.71 -0.20 997 3373  
FB5 23 9/11/2011 4.50 0.03 4.64 0.04 0.57 -0.16 1041 3437  
FB5 24 9/11/2011 4.48 0.01 4.87 0.07 0.54 0.07 1051 3500  
FB5 25 9/11/2011 3.95 0.01 4.96 0.02 0.02 0.17 1051 3563 d-l 
FB5 26 9/11/2011 3.47 0.03 5.38 0.05 -0.45 0.59 982 3627  
FB5 27 9/11/2011 2.87 0.06 5.72 0.11 -1.05 0.92 914 3690  
FB5 28 9/11/2011 2.82 0.03 5.34 0.06 -1.10 0.54 990 3753  
FB5 29 9/11/2011 3.52 0.01 4.97 0.03 -0.41 0.18 982 3817  
FB5 30 9/11/2011 3.74 0.02 4.98 0.05 -0.19 0.18 1026 3880 annual, end yr 3 l-d 
FB5 31 9/11/2011 5.11 0.01 5.10 0.01 1.17 0.30 677 3947  
FB5 32 9/11/2011 5.11 0.01 4.98 0.04 1.17 0.18 726 4013  
FB5 33 9/11/2011 5.01 0.02 4.83 0.04 1.07 0.03 904 4080  
FB5 34 9/11/2011 4.89 0.02 4.80 0.08 0.95 0.01 1100 4147  
FB5 35 9/11/2011 4.94 0.01 4.67 0.01 1.00 -0.13 875 4213  
47 
 
FB5 36 9/12/2011 4.98 0.04 4.61 0.05 1.04 -0.19 870 4280  
FB5 37 9/12/2011 4.97 0.03 4.41 0.07 1.03 -0.38 985 4347  
FB5 38 9/12/2011 5.17 0.03 4.00 0.04 1.23 -0.80 985 4413  
FB5 39 9/12/2011 4.47 0.02 4.00 0.07 0.53 -0.80 587 4480 d-l 
FB5 40 9/12/2011 5.34 0.03 4.42 0.04 1.40 -0.38 841 4547  
FB5 41 9/12/2011 5.07 0.03 4.66 0.06 1.13 -0.13 860 4613  
FB5 42 9/12/2011 4.75 0.04 4.68 0.11 0.81 -0.12 965 4680  
FB5 43 9/15/2011 4.71 0.02 4.59 0.10 0.77 -0.20 951 4747  
FB5 44 9/15/2011 4.63 0.04 4.64 0.09 0.69 -0.16 958 4813  
FB5 45 9/15/2011 4.31 0.03 5.16 0.07 0.38 0.37 995 4880 annual, end yr 4 l-d 
FB5 46 9/15/2011 3.95 0.00 5.17 0.04 0.02 0.37 1075 4936  
FB5 47 9/15/2011 3.69 0.03 5.12 0.08 -0.24 0.32 977 4992  
FB5 48 9/15/2011 3.56 0.03 5.24 0.06 -0.37 0.44 821 5048  
FB5 49 9/15/2011 4.11 0.02 5.02 0.04 0.17 0.23 760 5104  
FB5 50 9/15/2011 4.28 0.02 4.79 0.03 0.35 0.00 860 5160  
FB5 51 9/15/2011 4.28 0.03 4.84 0.02 0.35 0.04 863 5216  
FB5 52 9/15/2011 3.87 0.01 5.10 0.02 -0.06 0.31 836 5272 d-l 
FB5 53 9/15/2011 3.68 0.02 4.90 0.01 -0.25 0.10 1187 5328  
FB5 54 9/15/2011 3.69 0.05 4.96 0.09 -0.24 0.17 1095 5384  
FB5 55 9/15/2011 4.32 0.02 4.91 0.06 0.38 0.12 846 5440  
FB5 56 9/15/2011 4.53 0.02 4.89 0.05 0.59 0.09 804 5496  
FB5 57 9/15/2011 4.15 0.02 4.86 0.02 0.22 0.07 1080 5552  
FB5 58 9/15/2011 4.28 0.03 5.24 0.06 0.35 0.45 1143 5608  
FB5 59 9/15/2011 3.71 0.01 5.23 0.02 -0.22 0.43 1065 5664  
FB5 60 9/16/2011 3.60 0.02 5.25 0.03 -0.33 0.45 1100 5720 annual, end yr 5 
FB14 1 9/25/2011 5.18 0.03 5.20 0.10 1.24 0.40 960 3405 d 
FB14 2 9/25/2011 5.05 0.02 4.95 0.07 1.11 0.16 701 3511  
FB14 3 9/25/2011 5.57 0.04 5.02 0.12 1.63 0.23 1004 3616  
FB14 4 9/25/2011 5.55 0.01 4.92 0.04 1.61 0.12 1014 3722  
FB14 5 9/21/2011 5.70 0.02 5.22 0.03 1.76 0.42 899 3828  
FB14 6 9/21/2011 4.82 0.01 5.06 0.03 0.88 0.26 1041 3934  
FB14 7 9/21/2011 5.62 0.01 5.25 0.03 1.68 0.45 1068 4039  
FB14 8 9/21/2011 5.45 0.02 5.54 0.02 1.50 0.74 704 4145  
FB14 9 9/21/2011 5.19 0.05 6.38 0.10 1.25 1.59 1097 4251  
FB14 10 9/21/2011 4.69 0.01 6.80 0.02 0.75 2.00 733 4356  
FB14 11 9/21/2011 4.41 0.04 6.50 0.01 0.47 1.71 973 4462  
FB14 12 9/21/2011 4.47 0.03 6.35 0.06 0.53 1.56 1021 4568 d-l 
FB14 13 9/21/2011 4.51 0.07 6.04 0.10 0.57 1.25 995 4674  
FB14 14 9/21/2011 4.35 0.03 5.72 0.05 0.41 0.92 1180 4779  
FB14 15 9/21/2011 4.57 0.03 6.28 0.07 0.63 1.49 1124 4885 annual, end yr 2 l-d 
FB14 16 9/21/2011 4.55 0.01 5.76 0.01 0.62 0.97 889 4947  
FB14 17 9/21/2011 4.48 0.05 5.67 0.10 0.54 0.87 982 5008  
48 
 
FB14 18 9/21/2011 4.39 0.01 6.36 0.06 0.46 1.57 1295 5070  
FB14 19 9/21/2011 4.31 0.02 6.16 0.03 0.38 1.37 899 5132  
FB14 20 9/21/2011 4.35 0.02 6.30 0.03 0.42 1.51 828 5193 d-l 
FB14 21 9/21/2011 4.41 0.03 6.02 0.02 0.47 1.23 899 5255  
FB14 22 9/21/2011 4.15 0.01 6.05 0.03 0.21 1.26 1026 5317  
FB14 23 9/22/2011 4.27 0.03 6.27 0.04 0.33 1.47 1004 5378  
FB14 24 9/22/2011 4.35 0.04 6.18 0.08 0.42 1.39 1097 5440  
FB14 25 9/22/2011 5.50 0.01 5.26 0.04 1.55 0.47 1109 5502  
FB14 26 9/22/2011 5.50 0.03 5.68 0.04 1.56 0.89 1121 5563  
FB14 27 9/22/2011 4.99 0.05 5.51 0.01 1.05 0.72 987 5625  
FB14 28 9/22/2011 4.95 0.03 5.72 0.07 1.01 0.93 1107 5687  
FB14 29 9/22/2011 5.11 0.02 6.18 0.07 1.17 1.39 938 5748  
FB14 30 9/22/2011 5.86 0.03 8.27 0.05     853 5810 huge excursion 
FB14 31 9/22/2011 4.87 0.05 6.16 0.08 0.94 1.36 982 5881  
FB14 32 9/22/2011 5.48 0.01 8.36 0.04     1097 5952 huge excursion 
FB14 33 9/22/2011 4.94 0.04 6.79 0.08 1.00 2.00 1085 6024  
FB14 34 9/22/2011 4.77 0.04 6.15 0.08 0.83 1.36 1141 6095  
FB14 35 9/22/2011 4.83 0.04 5.93 0.10 0.89 1.14 1046 6166  
FB14 36 9/22/2011 4.71 0.02 5.60 0.05 0.77 0.80 1058 6237  
FB14 37 9/24/2011 4.61 0.02 5.29 0.01 0.68 0.49 1068 6308 d-l 
FB14 38 9/24/2011 4.47 0.02 4.93 0.09 0.54 0.13 931 6380  
FB14 39 9/24/2011 4.43 0.03 5.14 0.09 0.50 0.34 948 6451  
FB14 40 9/24/2011 3.94 0.01 5.05 0.06 0.00 0.26 943 6522  
FB14 41 9/24/2011 4.34 0.01 5.49 0.02 0.41 0.70 1090 6593  
FB14 42 9/24/2011 -4.95 0.45 -5.20 0.38 -8.81 -10.01 225 6664 too small 
FB14 43 9/24/2011 4.51 0.02 5.84 0.04 0.57 1.04 885 6736  
FB14 44 9/25/2011 4.33 0.03 5.63 0.06 0.39 0.84 1024 6807  
FB14 45 9/25/2011 5.54 0.04 4.74 0.06 1.59 -0.05 948 6878 annual, end yr 4 
FB14 46 9/25/2011 5.64 0.04 4.84 0.06 1.69 0.05 897 7818 annual, end yr 5 l 
FB14 47 9/25/2011 5.69 0.01 5.06 0.02 1.75 0.26 1070 7899 d 
FB14 48 9/25/2011 5.64 0.03 4.83 0.09 1.69 0.04 990 7981  
FB14 49 9/25/2011 5.65 0.03 4.89 0.08 1.70 0.09 987 8062  
FB14 50 9/25/2011 5.77 0.02 5.11 0.05 1.83 0.32 1026 8144  
FB14 51 9/25/2011 5.76 0.02 5.33 0.04 1.82 0.53 877 8225  
FB14 52 9/25/2011 5.19 0.02 5.36 0.06 1.24 0.57 1051 8307  
FB14 53 9/25/2011 5.12 0.04 6.02 0.09 1.18 1.23 951 8388 d-l 
FB14 54 9/25/2011 4.68 0.03 6.11 0.07 0.74 1.31 1014 8469  
FB14 55 9/25/2011 4.64 0.03 6.29 0.04 0.70 1.50 936 8551  
FB14 56 9/25/2011 4.68 0.03 5.87 0.03 0.75 1.08 965 8632  
FB14 57 9/25/2011 4.71 0.02 5.62 0.06 0.77 0.83 995 8714  
FB14 58 9/25/2011 4.97 0.02 5.40 0.06 1.03 0.60 780 8795  
FB14 59 9/25/2011 5.19 0.02 5.36 0.03 1.25 0.57 902 8877  
FB14 60 9/25/2011 5.41 0.02 5.34 0.07 1.46 0.55 1158 8958 annual, end yr 6 
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FB16 1 9/30/2011 3.78 0.02 5.97 0.04 -0.16 1.18 887 3470 annual, end yr 1 
FB16 2 9/30/2011 4.46 0.04 5.97 0.11 0.52 1.17 1141 3609  
FB16 3 9/30/2011 4.37 0.02 5.62 0.04 0.44 0.82 904 3747  
FB16 4 9/30/2011 4.39 0.01 5.53 0.02 0.45 0.74 535 3886  
FB16 5 9/30/2011 4.44 0.01 5.14 0.04 0.51 0.35 1092 4024 l-d 
FB16 6 9/30/2011 4.71 0.02 4.93 0.02 0.77 0.13 504 4163  
FB16 7 9/30/2011 4.61 0.02 4.77 0.04 0.68 -0.03 1087 4301  
FB16 8 9/30/2011 4.73 0.02 5.50 0.04 0.79 0.71 1043 4440  
FB16 9 9/30/2011 3.99 0.02 6.11 0.05 0.05 1.32 714 4579  
FB16 10 10/1/2011 3.36 0.01 6.71 0.05 -0.57 1.92 973 4717 d-l 
FB16 11 10/1/2011 3.29 0.02 6.85 0.05 -0.63 2.06 848 4856  
FB16 12 10/1/2011 3.34 0.01 6.58 0.03 -0.59 1.79 931 4994  
FB16 13 10/1/2011 3.83 0.02 6.74 0.09 -0.10 1.95 775 5133  
FB16 14 10/1/2011 3.46 0.02 5.97 0.05 -0.47 1.18 479 5271 l-d 
FB16 15 10/1/2011 4.62 0.01 4.99 0.04 0.69 0.19 1202 5410 annual, end yr 2  
FB16 16 10/1/2011 4.94 0.01 4.44 0.03 1.00 -0.36 755 5486  
FB16 17 10/1/2011 5.06 0.02 4.65 0.04 1.12 -0.14 999 5561  
FB16 18 10/1/2011 5.17 0.01 4.74 0.07 1.23 -0.05 782 5637  
FB16 19 10/1/2011 5.19 0.01 4.69 0.01 1.25 -0.11 931 5713 d-l 
FB16 20 10/1/2011 5.16 0.01 5.13 0.05 1.22 0.34 926 5788  
FB16 21 10/1/2011 5.13 0.02 5.67 0.06 1.19 0.88 924 5864  
FB16 22 10/1/2011 5.10 0.02 5.77 0.02 1.15 0.98 711 5940  
FB16 23 10/1/2011 4.11 0.01 6.22 0.03 0.18 1.43 1114 6015  
FB16 24 10/1/2011 3.20 0.01 6.56 0.04 -0.73 1.76 660 6091  
FB16 25 10/1/2011 3.48 0.03 6.29 0.06 -0.45 1.50 1046 6167  
FB16 26 9/29/2011 4.42 0.01 6.00 0.06 0.49 1.20 1197 6242  
FB16 27 9/29/2011 4.94 0.02 5.24 0.04 1.00 0.45 1288 6318 l-d 
FB16 28 9/29/2011 4.38 0.02 5.31 0.05 0.44 0.51 1222 6394  
FB16 29 9/29/2011 3.79 0.03 5.51 0.05 -0.14 0.72 1236 6469  
FB16 30 9/29/2011 3.57 0.02 6.22 0.08 -0.36 1.43 1021 6545 annual, end yr 3 
FB16 31 9/29/2011 3.21 0.02 6.67 0.03 -0.72 1.88 1082 6652 d-l 
FB16 32 9/29/2011 3.59 0.01 6.83 0.02 -0.34 2.04 589 6759  
FB16 33 9/29/2011 3.66 0.01 6.76 0.02 -0.27 1.97 1026 6867  
FB16 34             6974 no powder 
FB16 35 9/29/2011 4.47 0.01 6.24 0.03 0.53 1.45 987 7081  
FB16 36 9/29/2011 4.69 0.03 6.06 0.06 0.75 1.27 1151 7188  
FB16 37 9/29/2011 4.87 0.03 5.65 0.08 0.94 0.85 909 7295 disturbance 
FB16 38 9/30/2011 4.91 0.02 5.06 0.01 0.97 0.27 848 7403  
FB16 39 9/30/2011 5.28 0.02 5.06 0.02 1.33 0.26 579 7510  
FB16 40 9/30/2011 4.94 0.01 4.97 0.05 1.00 0.17 1170 7617  
FB16 41 9/30/2011 4.81 0.01 4.47 0.06 0.87 -0.33 965 7724  
FB16 42 9/30/2011 4.37 0.00 5.03 0.01 0.43 0.23 789 7831  
FB16 43 9/30/2011 4.10 0.04 5.45 0.07 0.17 0.65 992 7939  
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FB16 44 9/30/2011 3.59 0.01 5.68 0.03 -0.34 0.88 975 8046  
FB16 45             8153 no powder 
FB16 46 9/30/2011 3.16 0.02 6.19 0.07 -0.76 1.39 1251 8251  
FB16 47 9/30/2011 3.67 0.03 6.19 0.05 -0.26 1.40 997 8350  
FB16 48 9/30/2011 4.00 0.01 5.84 0.02 0.07 1.05 1029 8448  
FB16 49 9/30/2011 4.12 0.02 5.45 0.07 0.19 0.65 1136 8546  
FB16 50 9/30/2011 4.72 0.02 4.60 0.01 0.78 -0.19 1009 8644  
FB16 51 9/30/2011 5.21 0.01 4.25 0.01 1.27 -0.54 1126 8743  
FB16 52 9/30/2011 5.39 0.04 4.26 0.05 1.44 -0.54 1034 8841 disturbance 
FB16 53 9/30/2011 4.87 0.01 5.12 0.03 0.93 0.32 1183 8939  
FB16 54 9/29/2011 4.55 0.04 5.65 0.10 0.62 0.86 1100 9037  
FB16 55 9/30/2011 3.88 0.00 5.99 0.02 -0.05 1.19 1056 9136  
FB16 56 9/30/2011 3.37 0.01 6.36 0.01 -0.55 1.57 1085 9234  
FB16 57 9/30/2011 3.03 0.02 5.93 0.02 -0.89 1.14 1102 9332 dark line 
FB16 58 9/30/2011 4.16 0.05 6.08 0.08 0.23 1.28 1103 9430 dark line 
FB16 59 9/30/2011 3.56 0.02 4.97 0.02 -0.37 0.17 1085 9529  
FB16 60 9/30/2011 4.12 0.03 4.85 0.04 0.19 0.05 1168 9627 annual, end yr 5 
FB25 1 10/26/2011 4.41 0.03 -1.91 0.08 0.58 -6.62 982 2450 huge excursion 
FB25 2 10/26/2011 5.09 0.04 5.24 0.09 1.25 0.55 987 2543  
FB25 3 10/26/2011 5.23 0.06 5.42 0.09 1.39 0.72 828 2636  
FB25 4 10/26/2011 5.22 0.04 5.21 0.09 1.38 0.52 806 2730  
FB25 5 10/26/2011 5.03 0.07 4.78 0.01 1.18 0.09 760 2823  
FB25 6 10/26/2011 5.29 0.03 5.07 0.07 1.45 0.37 865 2916  
FB25 7 10/26/2011 5.27 0.02 4.80 0.06 1.43 0.10 824 3009  
FB25 8 10/26/2011 5.28 0.00 4.62 0.03 1.43 -0.07 741 3103  
FB25 9 10/26/2011 5.40 0.06 5.30 0.02 1.55 0.61 777 3196  
FB25 10 10/26/2011 5.06 0.05 4.99 0.08 1.21 0.30 802 3289  
FB25 11 10/26/2011 4.56 0.02 -1.91 0.03 0.72 -6.62 919 3382 d-l, huge excursion 
FB25 12 10/26/2011 5.10 0.07 5.65 0.08 1.26 0.96 789 3475  
FB25 13 10/26/2011 4.72 0.01 5.27 0.07 0.88 0.58 924 3569  
FB25 14 10/26/2011 4.47 0.01 5.34 0.03 0.64 0.64 965 3662  
FB25 15 10/26/2011 4.20 0.01 5.68 0.01 0.37 0.98 772 3755 annual, end yr 2 
FB25 16 10/26/2011 3.83 0.03 5.23 0.01 0.00 0.53 614 3824 l-d 
FB25 17 10/26/2011 4.25 0.01 5.61 0.04 0.42 0.91 982 3893  
FB25 18 10/26/2011 4.65 0.07 5.90 0.01 0.81 1.21 828 3962  
FB25 19 10/26/2011 4.55 0.02 5.07 0.08 0.71 0.37 926 4031  
FB25 20 10/26/2011 4.91 0.04 5.29 0.09 1.07 0.59 863 4100  
FB25 21 10/25/2011 4.71 0.04 4.57 0.01 0.88 -0.13 992 4169  
FB25 22 10/24/2011 4.99 0.01 4.78 0.02 1.15 0.08 701 4238  
FB25 23 10/24/2011 4.98 0.04 4.85 0.07 1.14 0.15 767 4306  
FB25 24 10/24/2011 5.19 0.02 4.64 0.03 1.35 -0.06 929 4375  
FB25 25 10/24/2011 5.36 0.03 5.19 0.03 1.52 0.49 887 4444  
FB25 26 10/24/2011 5.17 0.04 4.97 0.08 1.33 0.27 865 4513 d-l 
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FB25 27 10/24/2011 5.11 0.01 4.96 0.04 1.26 0.26 904 4582  
FB25 28 10/24/2011 5.03 0.02 5.47 0.04 1.19 0.78 902 4651  
FB25 29 10/24/2011 4.86 0.02 5.41 0.07 1.02 0.72 1029 4720  
FB25 30 10/24/2011 4.62 0.02 5.79 0.05 0.78 1.09 701 4789 annual, end yr 3  
FB25 31 10/25/2011 4.37 0.01 6.23 0.02 0.53 1.54 1031 4879  
FB25 32 10/25/2011 4.61 0.06 5.81 0.10 0.77 1.12 848 4968 l-d 
FB25 33 10/25/2011 4.77 0.01 5.07 0.04 0.93 0.38 870 5058  
FB25 34 10/25/2011 5.08 0.01 4.77 0.05 1.24 0.07 929 5147  
FB25 35 10/25/2011 5.23 0.03 4.46 0.06 1.39 -0.24 970 5237  
FB25 36 10/25/2011 5.23 0.02 4.43 0.02 1.38 -0.27 1048 5326  
FB25 37 10/25/2011 5.36 0.02 4.78 0.04 1.51 0.08 965 5416 CHECK THIS 
FB25 38 10/25/2011 5.09 0.02 4.54 0.06 1.25 -0.16 1043 5505  
FB25 39 10/25/2011 4.87 0.02 5.40 0.05 1.03 0.70 941 5595 CHECK THIS 
FB25 40 10/25/2011 4.36 0.01 6.00 0.05 0.52 1.31 929 5684  
FB25 41 10/25/2011 4.16 0.03 5.53 0.05 0.33 0.83 995 5774  
FB25 42 10/25/2011 4.42 0.03 4.46 0.07 0.58 -0.24 1019 5863  
FB25 43 10/25/2011 5.14 0.02 4.18 0.04 1.30 -0.52 1063 5953  
FB25 44 10/25/2011 4.26 0.03 5.31 0.02 0.43 0.61 929 6042  
FB25 45 10/25/2011 3.48 0.02 5.28 0.07 -0.35 0.58 973 6132 annual, end yr 4 d-l 
FB25 46 10/25/2011 4.35 0.04 4.74 0.04 0.52 0.04 1014 6190  
FB25 47 10/25/2011 5.00 0.03 5.07 0.06 1.16 0.38 877 6249  
FB25 48 10/25/2011 5.02 0.01 5.14 0.05 1.18 0.44 894 6307  
FB25 49 10/25/2011 5.10 0.02 5.04 0.07 1.26 0.34 868 6366  
FB25 50 10/25/2011 4.99 0.01 4.89 0.03 1.15 0.20 855 6424  
FB25 51 10/25/2011 4.66 0.02 5.36 0.07 0.82 0.66 938 6483  
FB25 52 10/25/2011 4.25 0.02 6.06 0.04 0.42 1.37 897 6541  
FB25 53 10/25/2011 3.95 0.01 5.74 0.06 0.12 1.05 916 6600  
FB25 54 10/25/2011 3.93 0.01 6.65 0.04 0.10 1.95 872 6658 l-d 
FB25 55 10/25/2011 3.89 0.03 5.57 0.10 0.06 0.87 1024 6717  
FB25 56 10/25/2011 3.95 0.01 5.19 0.02 0.12 0.49 892 6775  
FB25 57 10/25/2011 4.27 0.02 4.58 0.07 0.44 -0.12 1004 6834  
FB25 58 10/25/2011 4.80 0.02 4.74 0.05 0.96 0.04 889 6892  
FB25 59 10/25/2011 4.36 0.01 5.12 0.04 0.53 0.43 848 6951  
FB25 60 10/25/2011 3.74 0.05 6.14 0.03 -0.09 1.44 760 7009 annual, end yr 5 
FB29 1 11/11/2011 4.41 0.01 5.45 0.01 0.57 0.75 897 1235 annual, end yr 1 l 
FB29 2 11/11/2011 4.86 0.02 5.32 0.02 1.02 0.63 777 1339  
FB29 3 11/11/2011 4.67 0.01 5.07 0.02 0.83 0.37 687 1442  
FB29 4 11/11/2011 4.59 0.01 5.04 0.02 0.76 0.35 572 1546  
FB29 5 11/11/2011 4.44 0.05 5.30 0.11 0.61 0.61 797 1649  
FB29 6 11/11/2011 4.24 0.01 5.05 0.03 0.40 0.36 911 1753 l-d 
FB29 7 11/12/2011 4.19 0.05 5.71 0.10 0.36 1.01 880 1856  
FB29 8 11/12/2011 4.23 0.01 5.27 0.03 0.40 0.57 987 1960  
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FB29 9 11/12/2011 4.24 0.01 5.35 0.05 0.40 0.66 667 2064  
FB29 10 11/12/2011 4.05 0.01 5.69 0.02 0.21 0.99 848 2167  
FB29 11 11/12/2011 4.19 0.01 5.42 0.03 0.35 0.72 1222 2271  
FB29 12 11/12/2011 4.06 0.05 5.24 0.03 0.23 0.54 948 2374  
FB29 13 11/12/2011 4.11 0.06 5.63 0.10 0.28 0.94 787 2478  
FB29 14 11/12/2011 4.46 0.01 5.99 0.02 0.63 1.30 665 2581  
FB29 15 11/12/2011 4.30 0.00 5.62 0.04 0.46 0.93 704 2685 annual, end yr 2 d-l 
FB29 16 11/12/2011 4.22 0.01 3.54 0.02 0.38 -1.16 665 2752  
FB29 17 11/12/2011 4.34 0.03 5.22 0.04 0.50 0.52 1063 2819  
FB29 18 11/12/2011 4.25 0.03 4.79 0.05 0.42 0.10 963 2886  
FB29 19 11/12/2011 4.32 0.02 5.05 0.06 0.49 0.35 1048 2953  
FB29 20 11/12/2011 4.33 0.01 5.06 0.03 0.50 0.36 784 3020  
FB29 21 11/12/2011 4.52 0.01 5.02 0.03 0.68 0.32 806 3087  
FB30 22 11/12/2011 4.35 0.03 4.53 0.09 0.52 -0.16 907 3154  
FB29 23 11/8/2011 4.35 0.02 4.73 0.02 0.52 0.04 858 3222  
FB29 24 11/8/2011 4.53 0.01 5.11 0.04 0.70 0.42 1119 3289  
FB29 25 11/8/2011 4.72 0.00 4.97 0.01 0.88 0.27 670 3356  
FB29 26 11/9/2011 4.13 0.04 5.09 0.09 0.30 0.40 1009 3423  
FB29 27 11/9/2011 3.52 0.01 5.96 0.02 -0.31 1.27 882 3490 l-d 
FB29 28 11/9/2011 3.55 0.01 5.72 0.03 -0.28 1.02 1090 3557  
FB29 29 11/9/2011 3.84 0.04 5.63 0.07 0.01 0.94 1082 3624  
FB29 30 11/9/2011 3.89 0.02 5.43 0.06 0.06 0.74 1043 3691 annual, end yr 3 d-l 
FB29 31 11/9/2011 3.52 0.01 5.29 0.04 -0.30 0.59 787 3765  
FB29 32 11/9/2011 4.55 0.01 4.48 0.04 0.71 -0.22 921 3840  
FB29 33 11/9/2011 4.58 0.01 4.91 0.04 0.74 0.21 1102 3914  
FB29 34 11/9/2011 5.02 0.02 5.36 0.04 1.18 0.67 816 3988 l-d 
FB29 35 11/9/2011 4.94 0.03 4.96 0.05 1.10 0.26 1031 4063  
FB29 36 11/9/2011 4.93 0.01 4.78 0.02 1.09 0.08 1026 4137  
FB29 37 11/9/2011 4.88 0.04 4.54 0.01 1.04 -0.15 1014 4211  
FB29 38 11/9/2011 4.53 0.03 4.68 0.02 0.70 -0.01 1036 4286  
FB29 39 11/9/2011 3.63 0.01 5.32 0.05 -0.20 0.63 1036 4360  
FB29 40 11/9/2011 3.88 0.03 4.58 0.10 0.05 -0.12 943 4434  
FB29 41 11/9/2011 4.13 0.01 5.13 0.00 0.30 0.44 836 4509  
FB29 42 11/9/2011 3.61 0.03 4.98 0.04 -0.21 0.28 1134 4583  
FB29 43 11/9/2011 3.53 0.03 4.53 0.04 -0.30 -0.17 995 4657  
FB29 44 11/9/2011 3.59 0.04 4.82 0.08 -0.24 0.12 1082 4732  
FB29 45 11/9/2011 2.70 0.01 4.59 0.03 -1.12 -0.11 1224 4806 annual, end yr 4 d-l 
FB29 46 11/11/2011 2.45 0.03 5.54 0.04 -1.37 0.84 889 4878  
FB29 47 11/11/2011 3.09 0.02 5.13 0.05 -0.74 0.43 1016 4950  
FB29 48 11/11/2011 3.02 0.03 4.52 0.09 -0.80 -0.17 987 5022 l-d 
FB29 49 11/11/2011 2.80 0.01 5.48 0.02 -1.02 0.78 1056 5094  
FB29 50 11/11/2011 3.29 0.01 4.40 0.05 -0.54 -0.30 1075 5166  
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FB29 51 11/11/2011 4.11 0.01 4.37 0.01 0.27 -0.33 955 5238  
FB29 52 11/11/2011 3.50 0.03 4.45 0.10 -0.33 -0.24 960 5310  
FB29 53 11/11/2011 2.51 0.03 5.19 0.04 -1.31 0.49 1021 5381  
FB29 54 11/11/2011 3.06 0.03 4.44 0.09 -0.76 -0.25 970 5453  
FB29 55 11/11/2011 3.56 0.01 4.45 0.01 -0.27 -0.25 1041 5525 l 
FB29 56 11/11/2011 2.65 0.02 5.18 0.03 -1.17 0.49 1063 5597 l 
FB29 57 11/11/2011 2.18 0.01 5.08 0.06 -1.64 0.39 1053 5669  
FB29 58 11/11/2011 3.62 0.02 4.42 0.05 -0.21 -0.28 1009 5741  
FB29 59 11/11/2011 3.08 0.03 5.02 0.08 -0.74 0.32 1097 5813  
FB29 60 11/11/2011 4.11 0.02 4.23 0.04 0.27 -0.47 1004 5885 annual, end yr 5 
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